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ABSTRACT OF THESIS

STRUCTURAL GEOLOGY OF THE TRANSYLVANIA FAULT ZONE
IN BEDFORD COUNTY, PENNSYLVANIA
Transverse zones cross strike of thrust-belt structures as large-scale
alignments of cross-strike structures. The Transylvania fault zone is a set of
discontinuous right-lateral transverse faults striking at about 270º across
Appalachian thrust-belt structures along 40º N latitude in Pennsylvania. Near
Everett, Pennsylvania, the Breezewood fault terminates with the Ashcom thrust
fault. The Everett Gap fault terminates westward with the Hartley thrust fault.
Farther west, the Bedford fault extends westward to terminate against the Wills
Mountain thrust fault. The rocks, deformed during the Alleghanian orogeny, are
semi-independently deformed on opposite sides of the transverse fault, indicating
fault movement during folding and thrusting.
Palinspastic restorations of cross sections on either side of the fault zone
are used to compare transverse fault displacement. The difference in shortening
corresponds to the amount of displacement on either side of the transverse fault.
The palinspastic restoration indicates a difference in the amount of shortening that
will balance farther to the west in the Appalachian Plateau province.

KEYWORDS: Everett Gap fault, Bedford fault, Breezewood fault, Pennsylvania,
Appalachians
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Chapter 1
Introduction
APPALACHIAN STRUCTURE
Thrust faults propagate through flats (bedding parallel) and ramps (cut
through bedding, up-section in the direction of transport) (Boyer and Elliott,
1982). Thrust faulting forms anticlines and synclines as a direct process of the
fault movement, and causes shortening and thickening of the stratigraphic section
(Boyer and Elliott, 1982). A ramp anticline forms above a thrust fault where the
fault changes from “ramp” to “flat.” The beds in the leading hanging-wall cutoff
fold down onto an upper-level flat to form an anticlinal structure (Thomas, 1990).
Frontal ramps form perpendicular to the translation direction, and a thrust
fault cuts up-section across bedding at the front edge of a thrust sheet (Thomas,
1990). Frontal ramps extend for some distance along strike, and some end
abruptly along strike. Where a frontal ramp ends along strike, a necessary
compensation transfers displacement to another frontal ramp across strike. This
compensation may be in the form of a lateral ramp, a zone of displacement
transfer, or a transverse fault. These compensations laterally connect the ends of
frontal ramps across strike (Thomas, 1990).
The Everett West 7.5-minute quadrangle of Pennsylvania contains a
transverse fault and a thrust fault. The two faults terminate each other, posing the
question for this research of the structural relationships of transverse faults and
thrust faults in thrust belts.
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LOCATION
Pennsylvania includes seven different Appalachian provinces (Fig. 1.1),
and the study area is in and near two of these provinces. The Valley and Ridge
province has thrust faults and associated folds, exposed at the erosion surface.
Exposed rocks are predominantly of Devonian and older age (Faill and Nickelsen,
1999). The Appalachian Plateau province, to the west, is comprised of broad lowamplitude folds. Exposed rocks are predominantly of Mississippian and
Pennsylvanian age (Beardsley et al., 1999). The boundary between the
Appalachian Plateau province and Valley and Ridge province is characterized by
a change in structure from low-amplitude folds in the plateau to high-amplitude
folds and thrust ramps in the Valley and Ridge. The boundary between the
Appalachian Plateau and Valley and Ridge is called the Allegheny structural front
(Faill and Nickelsen, 1999; Beardsley et al., 1999).
Twenty-five miles east of the Valley and Ridge border with the
Appalachian Plateau is the Broad Top synclinorium. The synclinorium plunges to
the north and south into a depression near Saxton. For 250 miles southward into
Virginia, the Broad Top synclinorium is 10 to 20 miles wide. The down-plunge
part of the Broad Top synclinorium has exposed rocks of Mississippian and
Pennsylvanian age, and is surrounded by exposed rocks of Devonian and older
age. In the synclinorium, thrust faults must be deeper beneath the surrounding
Devonian and older rocks to accommodate the younger rocks on the exposed
surface. The synclinorium appears as a piece of the Appalachian Plateau province
surrounded by the Valley and Ridge province (Way, 1999).
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The Everett West 7.5-minute quadrangle, the field area (Plate 1), is in the
Valley and Ridge province less than one mile west of the Broad Top synclinorium
(Fig. 1.1). The Alleghany Front is approximately fifteen miles to the west of the
Everett West quadrangle. Everett West is in Bedford County between the towns
of Bedford, on the west, and Everett, on the east.
TRANSVERSE ZONES
Transverse zones across thrust belts are an alignment of cross-strike
structures, including lateral ramps, displacement transfer zones, and transverse
faults (Thomas, 1990). Transverse zones have diverse characteristics, including
surface and basement structures (Wheeler et al., 1979). Transverse zones cross
strike of thrust-belt structures as large-scale lineaments. Transverse faults exhibit
various different lengths and depths. Many transverse zones can be recognized on
map scale because they disrupt fold patterns (Wheeler et al., 1979). Some
transverse faults can be identified using aerial photos or satellite imagery, and
other transverse faults can be identified only by field mapping (Wheeler et al.,
1979). On the surface, a transverse fault may be marked by straight stream
channels, or by stream channels with abrupt right-angle curves. A water gap may
form where a transverse fault cuts across a ridge (Wheeler et al., 1979). Faults
may be marked by gouges and/or slickensides (Wheeler, 1980).
If the basement rocks are involved in the transverse zone, the basement
structures may have passive or active involvement. Active involvement occurs
when basement rocks are offset by the fault. Passive involvement occurs where an
older, dormant basement fault affects the overlying structures (Wheeler et al.,
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1979). Transverse zones may be controlled by the basement structures in four
different ways: (1) basement fault surface; (2) basement-rooted faults in overlying
beds; (3) drape folds above basement faults; and (4) disruptions caused by active
basement faults (Thomas 1990). The thrust faults are affected by the basement
structures while sliding over top along the décollement (Thomas, 1990).
Abrupt lateral stratigraphic changes affect the locations of frontal and
lateral ramps; however, stratigraphic changes may have been caused by basement
faults that moved during sedimentation (Thomas, 1990). Lateral changes in
stratigraphy can cause changes in the décollement-host rocks that cause the
décollement to shift to a different stratigraphic level, and a lateral ramp can form.
A lateral ramp can also form where the décollement cuts into a fault in the
overlying beds, or over a basement fault (Thomas, 1990).
Examples of transverse zones
Many transverse zones have been recognized, but authors generally
mention the transverse zone as part of a regional thrust belt. In the Lombardian
Alps, the Ballabio-Barzio transverse zone, includes transverse faults that divide
the thrust belt into segments (Schönborn, 1992). Each transverse fault bounds
segments of the thrust belt that have different characteristics. Permian normal
faults were reactivated in the middle Triassic to create the Ballabio-Barzio
transverse zone. Basement rocks are included in the sinistral-slip transverse zone
because the Permian normal faults displaced basement rocks (Schönborn, 1992).
The Pine Mountain thrust fault in the Valley and Ridge of Kentucky,
Virginia, and Tennessee ends along strike in opposite directions at the Jacksboro
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fault and Russell Fork fault (Mitra, 1988). The Jacksboro fault is the southwest
boundary of the thrust sheet, and the Russell Fork fault is the northeast boundary
of the thrust sheet. Details are given about how the Pine Mountain thrust system
formed, but details as to how the Jacksboro and Russell Fork faults formed are
unknown.
The Tyrone-Mount Union lineament and the Transylvania fault zone are
two transverse zones in the Appalachian thrust belt in Pennsylvania. Authors have
two different opinions on how the Tyrone-Mount Union lineament formed.
Tyrone-Mt Union Lineament
The Tyrone-Mount Union lineament (TMUL), a northwest-trending
discontinuous zone of fault segments, extends 600 km across Appalachian strike
in Pennsylvania and has 60 km of right-lateral offset (Fig. 1.1) (Lavin, 1982). It is
perpendicular, or transverse, to the strike of the thrust-belt structures, and is
known as a fault or set of faults in a transverse zone (Rodgers and Anderson,
1984). Lavin (1982) describes the Lake Erie-Maryland crustal block as a rectangle
oriented northwestward, greater than 600 km in length. Lavin (1982) suggests the
northern boundary of the Lake Erie-Maryland crustal block forms the TMUL at a
fracture zone with large-scale strike-slip movement. Using gravity and magnetic
measurements, the TMUL is deep and long, and coincides with geophysical
anomalies showing the depth to the edge of the large crustal block that forms the
lineament.
Rodgers and Anderson (1984) disagree with Lavin (1982) in that they do
not see evidence for a large-scale strike-slip component. The north side of the
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lineament is vertically offset 23 m from the southern side. This offset is between
the Mississippian and Pennsylvanian age rocks. The area southwest of the TMUL
had a greater subsidence rate in the Mississippian-Pennsylvanian than the area
northeast of the lineament. Formation contacts in large-scale folds are offset
where they cross the TMUL. Fold axes show deflections, structural culminations,
terminations, or saddles. This also suggests a difference in subsidence across a
boundary (Rodgers and Anderson, 1984). Alleghanian thrusting and associated
vertical offset also vertically offset a Silurian salt layer. During thrust faulting,
this salt layer affected folding separately on either side of the offset, which is now
visible as the TMUL (Rodgers and Anderson, 1984). The salt layer that uplifted
the northern area was moving between the Early Devonian and the Early
Pennsylvanian, but the greatest subsidence was during the Mississippian and
Pennsylvanian (Rodgers and Anderson, 1984).
Transylvania fault zone
The Transylvania fault zone (Fig. 1.1) extends along the 40° N latitude in
southern Pennsylvania. Six east-west oriented discontinuous faults are rightlaterally offset. The Marsh Creek, Shippensburg, Sideling Hill, Breezewood,
Everett Gap, and Bedford faults (Fig. 1.2) extend from the western border of the
Triassic basins westward to the western edge of the Valley and Ridge, and
possibly farther west (Root and Hoskins, 1977). The Breezewood, Everett Gap,
and Bedford faults are all mapped in the field area.
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STRUCTURES
Some of the transverse faults in the Transylvania fault zone terminate
against thrust faults (Fig. 1.3). The Breezewood fault extends across the Broad
Top synclinorium (Fig. 1.2) and terminates against the Ashcom backthrust fault
(Fig. 1.3). The Everett Gap fault truncates the south end of the north-plunging
Friends Cove anticline (Fig. 1.3). The Everett Gap fault terminates with the
Hartley, previously called Friends Cove, thrust fault (Fig. 1.3). The Bedford fault
offsets the Bedford syncline (Fig. 1.3). The Bedford fault terminates with the
Wills Mountain thrust fault to the west of the Everett West quadrangle (Fig. 1.2).
According to present nomenclature, the Friends Cove thrust fault (Root
and Hoskins, 1977) has an associated thrust ramp anticline south of the Everett
Gap fault called simply the Friends Cove thrust ramp anticline, according to
present nomenclature. To the north of the Everett Gap fault is the Friends Cove
anticline, which differs from the, presently named, Friends Cove thrust ramp
anticline because of the lack of a frontal ramp like that on the Friends Cove thrust
fault, according to present nomenclature. Because of the potential confusion
involved in three structures all with “Friends Cove” as part of the name, the
Friends Cove thrust fault and Friends Cove thrust ramp anticline have been
informally renamed in this thesis as the Hartley thrust fault and the Hartley ramp
anticline. The Everett Gap fault terminates with the Hartley thrust fault (Fig. 1.3).
The Friends Cove anticline name has not been changed.
The Hartley thrust fault, Raystown backthrust fault, and Ashcom
backthrust fault are present in the field area (Fig. 1.3). The Hartley thrust ramp
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anticline is associated with a frontal ramp of the Hartley thrust fault. To the north
of the Hartley ramp anticline across the Everett Gap fault is the Friends Cove
anticline. To the west of both anticlines is the Bedford syncline. The Raystown
backthrust fault is previously unnamed, and is informally given this name from
the Raystown Branch of the Juniata River which passes through the field area.
The Raystown backthrust fault is on the eastern limb of the Bedford syncline. The
Ashcom backthrust fault is previously unnamed, and is informally given this
name from a limestone quarry called Ashcom in the Everett West quadrangle. The
Ashcom backthrust fault is on the eastern limb of the Friends Cove anticline, and
it connects the Breezewood and Everett Gap faults.
FIELD NAMES
During field mapping, several informal names were used to designate
distinctive places within the map area (Fig. 1.4). The “farm country” is the area
west of Evitts Mountain. General characteristics are flat land dominated by farms,
and hills dominated by fields or forest. The “Everett area” is east of Tussey
Mountain. General characteristics are flat land dominated by town. Both the
“farm country” and “Everett area” are dominated by younger stratigraphy. “Snake
Valley” is the area between Evitts and Tussey Mountains. General characteristics
are flat land dominated by farms and houses and carbonate rocks in the Friends
Cove anticline. “Evitts Ridge” refers to Evitts Mountain, and “Tussey Ridge”
refers to Tussey Mountain. “The Ridges” refers to both Evitts and Tussey
Mountains. General characteristics are forest, no houses, and erosion-resistant
rocks in the middle Paleozoic stratigraphy. The “Juniata River” refers to the
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Juniata River, and the associated flood plain. The Juniata River meanders through
the low relief flood plain across strike of all the rock formations. “Everett Gap” is
where the Juniata River creates a gap through Tussey Mountain near the town of
Everett. The Everett Gap is characterized by steeply dipping, erosion-resistant
rocks. “Bedford Narrows” is where the Juniata River cuts a gap through Evitts
Mountain near the town of Bedford. The Bedford Narrows is characterized by
overturned, erosion-resistant rocks.
STRATIGRAPHY
Cambrian through Middle Devonian formations are exposed in the field
area (Fig. 1.5). The Cambrian Warrior Formation is the oldest exposed unit, and
the Devonian Hamilton Group is the youngest. The older Cambrian Waynesboro
and Pleasant Hill Formations are shown by well data to be in the subsurface. Each
formation is described individually in the chapter on regional stratigraphy; and
each map unit, some of which comprise two or more formations, is described in
the chapter on local stratigraphy.
Some formations are more resistant to erosion than others. The ridge
formers form either the hills in the farm country, or Evitts and Tussey Ridges.
Ridge formers also form ledges along the Juniata River. The Tuscarora Formation
is the most resistant rock, and it forms the tops of both Evitts and Tussey
Mountains. The informal Hamilton Group sandstone member also forms a low
ridge in the farm country. The Ordovician Stonehenge, Loysburg, Hatter, Snyder,
Nealmont, Salona, Coburn, Reedsville, and Juniata Formations; Silurian Clinton
Group and Mifflintown, Bloomsburg, and Wills Creek Formations; the Devonian
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and Silurian Tonoloway and Keyser Formations; and the Devonian Old Port and
Onondaga Formations and Hamilton Group shale are not resistant to erosion and
are under low, flat valleys. The Cambrian Warrior and Gatesburg Formations and
the Ordovician Nittany, Bellefonte, and Bald Eagle Formations are somewhat
more resistant to erosion, and they form low ridges or hills within the broader
valleys (Fig. 1.5).
The Waynesboro and Pleasant Hill Formations host thrust-fault flats (Fig.
1.5). Thrust faults ramp through the succession from Warrior through Coburn
Formations. The Reedsville Formation is a zone of upper-level thrust-fault flats.
The Bald Eagle Formation is generally a thrust ramp. Thrust faults ramp through
the remaining stratigraphy; although possible flats are in local ductile units.
SURFACE
The Juniata River flows through the southern part of the map area (Plate
1). The river channel does not necessarily follow the strike of the eroded rock
formations, but the channel does meander, which causes the channel to cut across
strike of formations at various angles. On average, the river crosses strike at a
large angle, and it is perpendicular to strike in Everett Gap and Bedford Narrows.
Float appears on the sides of the river where the resistant formations are exposed.
The Ashcom quarry is in the south-central part of the map area (Plate 1).
Orientation measurements and rock descriptions were recorded during a visit to
the quarry with geologists from the Pennsylvania Geologic Survey. The
Bellefonte, Loysburg, Hatter, Snyder, Nealmont, Salona, and Coburn Formations
are exposed in the quarry. The quarry exposes the formations better than
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elsewhere in the Everett West quadrangle. At Ashcom, the formations dip
shallowly to the southeast.
The Ridges are capped by the Silurian Tuscarora sandstone, and another
cliff former, the Ordovician Bald Eagle Formation forms a ledge to one side of
each ridge. Tussey Mountain has the Bald Eagle ledge on the western side, and
Evitts Mountain has the ledge on the eastern side. The Bald Eagle ledges face
each other across the Snake Valley, and the Cambrian and Ordovician carbonate
rocks form the Snake Valley. The farm country is dominated by Devonian shale
and limestone that is less resistant than the Cambrian carbonate except for a
sandstone in the Hamilton Group, which forms a distinctive steep slope. The
sandstone is divided from the remainder of the Hamilton Group on the map as an
informal member. The sandstone member follows the same map pattern as the
Hamilton Group.
Both water gaps are perfect for road construction. Route 30 and the
Pennsylvania Turnpike extend along the opposite sides of the Juniata River
through the gaps. Steeply dipping Bald Eagle, Juniata, and Tuscarora Formations
are exposed in the road cuts. The road cuts along Route 30 are accessible, but the
Pennsylvania Turnpike officials do not allow pedestrians along the highway,
leaving those road cuts inaccessible. Fault orientation data along the Pennsylvania
Turnpike come from Knowles (1966), who was able to obtain access to the
Pennsylvania Turnpike prior to modern restrictions. In addition to road cuts, an
old railroad line extends along the same route as the roads. The old railway is now
grassed over and is easily accessible; some old cuts expose the rocks.
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SUBSURFACE
The Atlantic Richfield Company (ARCO) drilled a well south of the
Everett Gap transverse fault, labeled as ARCO on the map (Fig. 1.3, Plate 1). The
well drilled through mostly Cambrian and Ordovician carbonate rocks. The well
was spudded in the Nittany and Stonehenge Formations, whereas the bottom of
the well is in the Gatesburg Formation. The well drilled through at least four
thrust faults. The well was drilled to a total depth of 15,500 feet. At this depth the
well did not extend into basement rock. This well is the only available subsurface
data in the Everett Gap 7.5 minute quadrangle.
CROSS SECTIONS
Six cross sections were drawn across the map area: two long cross sections
on either side of the Everett Gap fault (Plate 2 and Plate 4), and three shorter cross
sections (Plate 3) to show details. The northern cross section (A – A’) intersects
the Ashcom backthrust fault. The southern cross section (B – B’) intersects the
Hartley thrust fault. Cross section B – B’ is near the ARCO well, south of the
Everett Gap fault. Cross section C – C’ extends across the Raystown fault. Cross
section D – D’ is an along-strike cross section along the Nittany and Stonehenge
Formations along the Hartley ramp anticline, across the Everett Gap fault, and
along the Friends Cove anticline. Cross section D – D’ extends south of cross
section B – B’, through the ARCO well, across the Everett Gap transverse fault,
and north of cross section A – A’. Cross section E – E’ is along plunge of the
Friends Cove anticline, extending from the Everett Gap transverse fault, along the
Friends Cove anticline axis to the north border of the detailed geologic map.

12

In addition to detailed cross sections within the map area, cross sections A
– A’ and B – B’ are extended beyond the boundaries of the field area. Regional
cross section B – B’ is cross section F – F’ within the Everett West quadrangle
boundaries (Plate 4). Regional cross section A – A’ is cross section G – G’ within
the Everett West quadrangle boundaries (Plate 4). Formation contacts are taken
from the Pennsylvania Geologic Survey geologic maps available to the public
through their website (Appendix). To the east, the cross sections extend to the
Broad Top synclinorium (Plate 2), which contains the youngest formations
exposed in the region. The depth to the décollement beneath the Broad Top
synclinorium was calculated using average thicknesses. The stratigraphy in the
regional cross sections is generalized into groups of formations. Cross section A –
A’, as extended cross section G – G’ was extended west beyond the Wills
Mountain thrust fault. Cross section B – B’, as extended cross section F – F’, was
extended west into the Appalachian Plateau province.
METHODS
During the summer of 2007, field mapping of the southern two-thirds of
the Everett West 7.5 minute quadrangle was conducted at the 1:24,000 scale. The
primary focus was to map the transverse fault zone. Field observations were
recorded for the outcrops found. Rock descriptions and bedding orientation were
recorded in the field. Stratigraphic thickness was calculated from the map width,
dip, and slope. Stereonets were plotted for measured faults, axial planes, and trend
and plunge of fold hinges. Excellent outcrops are in Everett Gap and Bedford
Narrows. Small outcrops are scattered in Snake Valley, and the Hamilton Group
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has outcrops scattered in the farm country. The Juniata River has two excellent
outcrops. The ridges do not have any outcrop, but the tops of the ridges are
covered in loose blocks of the Tuscarora Formation. Float was mapped, especially
along the ridge tops to trace the Tuscarora Formation. Water gullies on ridge sides
were explored for possible outcrops, especially along the trace of the Bald Eagle
Formation. The transverse faults are not seen in outcrop, but fault contacts were
placed where map traces of formation contacts are offset.
Cross sections are constructed using the geologic map contacts taken
directly from the field-work based Everett West quadrangle map (Plate 1), as well
as maps taken directly from the Pennsylvania Geological Society website
(Appendix) where cross sections A – A’ and B – B’ extend beyond the Everett
West map boundaries. Where cross sections A – A’ and B – B’ are extended
beyond map boundaries, the formation contacts are grouped into combined units.
Cross sections are constructed with palinspastic restorations, where line-length
balancing accounts for the lengths of formation contacts by measuring the length
of the deformed contact and restoring the line to an original horizontal position.
Area balancing, where the area of a unit is measured and restored to an original
horizontal position, was done for weak, ductily deformed units.
PURPOSE
The Everett West 7.5-minute quadrangle is located along the Transylvania
fault zone, and it includes the Breezewood, Everett Gap, and Bedford faults. The
relationship of the Breezewood and Everett Gap transverse faults, the intersection
of the Everett Gap transverse fault and Hartley thrust fault, the Bedford fault, and
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the Raystown backthrust fault are located in the southern part of the quadrangle.
This is the only quadrangle that contains numerous fault intersections, and it also
has the ARCO well for subsurface control. The Bedford and Everett Gap faults
are the only two faults of six in the Transylvania fault zone that terminate
westward against a thrust fault. The purpose of this thesis is to determine the
relationship between transverse faults and thrust faults, and the relationship of the
thrust-related folds to the transverse faults.
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Figure 1.1: Location map of the provinces in Pennsylvania, gray lines; TyroneMount Union Lineament, green line; Transylvania fault zone, red line; and the
Everett West 7.5 minute quadrangle, black box.

Figure 1.2: Map of faults in Transylvania fault zone (modified from Root and
Hoskins, 1977).
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Figure 1.3. Structure diagram of the Everett West quadrangle and the areas on the east and west. Dotted lines are the eastern
and western boundaries of the Everett West quadrangle. The black dot is the ARCO well.

Figure 1.4. Everett West 7.5-minute quadrangle Pennsylvania with the informal
names of field localities.
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Figure 1.5. List of the stratigraphic units with a basic description of the rock type.
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Chapter 2
Regional Stratigraphy
CAMBRIAN
The Lower Cambrian Waynesboro Formation (Fig. 2.1) is purple,
calcareous sandstone and shale (Scanlin, 2003). The upper part of the formation is
mostly sandstone and sandy shale. The total thickness is 600 feet. The unit forms
low ridges on the surface. The base of the Waynesboro Formation weathers into
large slabs, and has yellow staining (Stose, 1906). Laminae, trilobites, and algae
indicate the Waynesboro Formation was deposited in a tidal flat to transitional
shallow-marine environment (Haynes, 1991). The Waynesboro contact with the
overlying Pleasant Hill Formation is conformable (Scanlin, 2003).
The Middle Cambrian Pleasant Hill Formation is fine-grained limestone in
the upper third, and argillaceous, and sandy limestone with interbedded sandstone
and siltstone in the lower two thirds (Wilson, 1952). The beds are massive and
mottled. Trilobites are found throughout the 600-foot-thick formation. Trilobites
indicate the Pleasant Hill Formation was deposited in a shallow-marine
environment. The Pleasant Hill Formation has a conformable contact with the
overlying Warrior Formation (Wilson, 1952).
The Middle Cambrian Warrior Formation is dark-gray, fine-crystalline
limestone in the upper part, and is dark-gray, fine-crystalline dolomite on the
lower part. Minor amounts of sandstone are rare. The formation has platy to
medium bedding. The limestone and dolomite include ooids and fossils. Trilobites
are the most abundant fossil (Wilson, 1952). The most complete measured section
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of the Warrior Formation gives a thickness of 1200 feet (Wagner, 1963). Ooids,
trilobites, and brachiopods indicate the Warrior Formation was deposited in a
shallow-marine to tidal-flat environment (Tasch, 1951). The Warrior Formation
has a conformable contact with the overlying Gatesburg Formation (Wilson,
1952).
The Upper Cambrian Gatesburg Formation (Fig. 2.1) contains five
members. From oldest to youngest the members are: Stacy dolomite, Lower
sandy, Ore Hill, Upper sandy, and Mines dolomite (Wilson, 1952). The Stacy
dolomite is dark-gray, medium-crystalline dolomite that has massive bedding
interbedded with light-gray dolomite that has thin bedding. The Upper and Lower
sandy members are sandstone interbedded with dolomite. The Ore Hill member is
dark-gray, fine-crystalline limestone. The limestone has thin bedding. The Mines
dolomite is dark-gray, oolitic, cherty dolomite (Wilson, 1952). The maximum
thickness of the Gatesburg Formation is 1700 feet (Wagner, 1963). Trilobites and
reefs indicate the Gatesburg Formation was deposited in a shallow-marine to
tidal-flat environment (Taylor et. al., 1999). The Gatesburg Formation has a
conformable contact with the overlying Stonehenge Formation (Wilson, 1952).
LOWER ORDOVICIAN
The Lower Ordovician Stonehenge Formation (Fig. 2.1) is medium- to
coarse-crystalline limestone interbedded with dolomite. The formation is 500 to
1000 feet thick, thickening to the southwest. Zones with chert, ooids, and quartz
sand are especially common near the upper contact (Wagner, 1963). Algae, wave
laminae, and burrows indicate the Stonehenge Formation was deposited in a tidal-
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flat to shallow-marine environment (Bova and Read, 1987). The Stonehenge
Formation has a conformable contact with the overlying Nittany Formation
(Wagner, 1963).
The Lower Ordovician Nittany Formation (Fig. 2.1) is fine- to coarsecrystalline dolomite. The Nittany Formation thins to the southwest where the
Stonehenge thickens (Wagner, 1963). Anhydrite and gypsum are present. The
formation is 400 to 2000 feet thick. The evaporites indicate an arid to semi-arid
lagoon to tidal-flat depositional environment (Linn, 1998). The contact with the
overlying Axemann Formation is conformable (Wagner, 1963).
The Lower Ordovician Axemann Formation (not shown in Fig. 2.1)
consists of interbedded limestone, dolomite, and dolomitic limestone. The
Axemann Formation generally is not mapped as a separate unit. The lower part is
mapped with the upper part of the Nittany Formation. The upper part of the
Axemann Formation is mapped with the lower part of the Bellefonte Formation.
The Axemann Formation is conformable throughout, and spans the conformable
contact between the mapped units Nittany Formation and Bellefonte Formation.
The Axemann Formation ranges from 200 to 1200 feet thick (Wagner, 1963).
The Lower Ordovician Bellefonte Formation (Fig. 2.1) is light-olive-gray,
fine- to medium-crystalline dolomite containing chert and quartz sand (Wagner,
1963). The formation has thin beds. The Bellefonte Formation amounts to 1200 to
2000 feet thick. Sparse fossil content indicates the Bellefonte Formation was
deposited in a carbonate tidal-flat setting (Berkheiser and Cullen-Lollis, 1986).
The contact with the overlying Loysburg Formation is unconformable (Wagner,
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1963). The unconformity marks the continental wide Sloss sequence boundary,
which is the boundary for a major transgressive sequence (Wagner, 1963; Faill,
1997).
MIDDLE AND UPPER ORDOVICIAN
The Middle Ordovician Loysburg Formation (Fig. 2.1) is olive-gray, finecrystalline limestone and dolomite. Light-olive-gray dolomite and light-gray
limestone alternate in centimeter thick layers that are called “Tiger Stripe” as a
characteristic of the Loysburg Formation (Harper, 2003). The Loysburg
Formation has a maximum thickness of 460 feet (Wagner, 1963). Mudcracks,
burrows, and ostracodes indicate a low-energy peritidal depositional environment
(Harper, 2003). The Loysburg Formation contact with the overlying Hatter
Formation is conformable (Harper, 2003).
The Middle Ordovician Hatter Formation (Fig. 2.1) is dark-gray to oliveblack, calcareous shale and fine-crystalline limestone (Harper, 2003). Laminae,
burrows, and fossils are found throughout the 115-foot-thick formation. Burrows,
wavy and horizontal laminae, and brachiopods indicate the Hatter Formation was
deposited in a carbonate tidal flat and lagoon setting (Berkeiser and Cullen-Lollis,
1986). The contact with the overlying Snyder Formation is sharp and conformable
(Berkeiser and Cullen-Lollis, 1986).
The Middle Ordovician Snyder Formation (Fig. 2.1) is dark-gray to oliveblack, fine- to coarse-crystalline limestone. Laminae, burrows, fossil fragments,
ooids, mudcracks, and cross-bedding are present throughout the 90-foot-thick
formation. The ooids, fossil fragments, and cross-bedding indicate that these
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carbonate sands and muds were deposited in a shoal or barrier-bank environment
(Harper, 2003). The upper contact with the Nealmont Formation is conformable
(Harper, 2003).
The Middle Ordovician Nealmont Formation (Fig. 2.1) is olive-black to
dark-gray, fine-crystalline limestone, and black shale (Berkheiser and CullenLollis, 1986). The beds change from wavy to nodular up-section. Laminae,
bioturbation, and fossils are present throughout the formation, which is 80 to 130
feet thick. Bentonite layers are a maximum of 1.5 inches thick. Wavy laminae,
burrows, nodular beds, and gastropods indicate the limestone was deposited in the
lower shoreface to the outer platform, and larger amounts of organic matter
indicate the shale was deposited during reducing conditions (Harper, 2003). The
contact with the overlying Salona Formation is gradational (Harper, 2003).
The Middle Ordovician Salona Formation (Fig. 2.1) is dark-gray, fine- to
medium-crystalline limestone, and organic rich shale (Conlin and Hoskins, 1962).
Burrows and rare fossils are scattered throughout the 200-foot-thick formation.
Rythmites of repetitive limestone and organic-rich calcareous shale are common.
Several bentonite layers are 10 inches thick. Burrows, rhythmites, and rare
brachiopods, trilobites, and crinoids indicate the Salona Formation was deposited
on a deep-marine, slope environment. The upper contact with the Coburn
Formation is sharp and conformable (Harper, 2003).
The Middle Ordovician Coburn Formation (Fig. 2.1) is dark-gray, fine- to
coarse-crystalline limestone. Laminae, cross-laminae, and fossils characterize the
180-foot-thick formation. The increased fossil content, and increased laminae
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indicate the depositional environment was on a more proximal slope environment
than the Salona Formation. The contact with the overlying Reedsville Formation
is gradational (Conlin and Hoskins, 1962).
The Upper Ordovician Reedsville Formation (Fig. 2.1) is gray fissile shale
interbedded with fine-grained sandstone and fine-crystalline limestone
(Thompson, 1986). Bioturbation and fossils are abundant throughout the 1500foot-thick formation (Conlin and Hoskins, 1962). Brachiopods are the most
abundant fossils. The sandstone, mostly in the uppermost part, is cross-bedded
(Conlin and Hoskins, 1962). Cross-bedding and bioturbation indicate the
Reedsville Formation was deposited in a shallow-marine environment (Willard
and Cleaves, 1939). The contact with the overlying Bald Eagle Formation is
gradational (Willard and Cleaves, 1939).
The Upper Ordovician Bald Eagle Formation (Fig. 2.1) is olive-gray,
black, bluish-gray, red-gray, maroon, coarse-grained sandstone interbedded with
shale and siltstone (Thompson, 1970). The formation is characterized by medium
to thick bedding and cross-bedding, and has a total thickness of 800 feet (Conlin
and Hoskins, 1962). When the Bald Eagle Formation weathers, small rusty
colored speckles cover the surface because of the oxidation of pyrite (Willard and
Cleaves, 1939). Cross bedding and coarse- to fine-grained rocks indicate the Bald
Eagle Formation was deposited on an alluvial plain (Faill 1998). The contact with
the overlying Juniata Formation is gradational (Thompson, 1986).
The Upper Ordovician Juniata Formation is red shale and sandstone
(Thompson, 1986). The formation is medium to thick bedded, and 1700 feet thick
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(Conlin and Hoskins, 1962). The sandstone is cross-bedded. Cross-beds, red
shale, and lack of fossils indicate the Juniata Formation was deposited in a fluvial
environment (Thompson, 1986). The upper contact is gradational with the
Tuscarora Formation (Thompson, 1986).
SILURIAN
The Lower Silurian Tuscarora Formation (Fig. 2.1) is white, fine- to
coarse-grained sandstone with minor amounts of chert and shale. Horizontal and
cross laminae are present throughout the formation, which has a maximum
thickness of 700 feet. The beds are medium to thick. Laminae and fine- to coarsegrained sandstone indicate the Tuscarora Formation was deposited in a coastal
setting to shallow-marine environment (Thompson, 1986). The upper contact with
the Clinton Group is gradational.
The Lower Silurian Clinton Group (Fig. 2.1,) including the Rose Hill and
Keefer Formations, is olive-gray, fissile shale and calcareous shale interbedded
with limestone and sandstone. Brachiopods, ostracodes, and crinoids are the main
fossils (Conlin and Hoskins, 1962). The shale is more calcareous up-section. The
formations together have a maximum thickness of 1000 feet. Brachiopods and
crinoids indicate the Clinton Group was deposited on a shallow-marine shelf
(Cotter and Inners, 1986). The upper contact with the Mifflintown Formation is
gradational.
The Middle Silurian Mifflintown Formation (Fig. 2.1) is pale-green to
olive-gray, calcareous shale with interbedded coarse-grained limestone and
sandstone. The sandstone units form low ridges. Fossils and ooids are abundant
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locally. Total thickness is about 300 feet. The formation was deposited on a
shallow-marine shelf (Cotter and Inners, 1986). Depositional conditions are more
brackish up-section (Cotter and Inners, 1986). The contact with the overlying
Bloomsburg Formation is abrupt and conformable (Berkheiser and Cullen-Lollis,
1986).
The Middle Silurian Bloomsburg Formation (Fig. 2.1) is pale-green and
grayish-red, calcareous shale interbedded with fine-grained sandstone. The
sandstone forms a low ridge (Conlin and Hoskins, 1962). The formation is about
500 feet thick. Fossils are abundant. Abundant and diverse fossil content indicates
deposition occurred on a shallow-marine shelf (Cotter and Inners, 1986). The
contact with the overlying Wills Creek Formation is gradational (Berkheiser and
Cullen-Lollis, 1986).
The Upper Silurian Wills Creek Formation (Fig. 2.1) is grayish-red to
olive-gray, calcareous shale, limestone, and dolomite. Laminae, burrows,
ostracodes, and mudcracks are abundant throughout. The beds are thin to medium.
The total thickness of the formation is about 650 feet (Conlin and Hoskins, 1962).
Laminae, mudcracks and ostracodes indicate the Wills Creek Formation was
deposited in a tidal-flat environment (Cotter and Inners, 1986). The contact with
the overlying Tonoloway Formation is gradational (Berkheiser and Cullen-Lollis,
1986).
The Upper Silurian Tonoloway Formation (Fig. 2.1) is dark-gray
limestone and dolomite with evaporites. The beds are thin to medium with
burrows, mudcracks, and fossils. Ostracodes and stromatolites are the common
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fossils (Cotter and Inners, 1986). Total thickness is a maximum of 600 feet.
Laminae, mudcracks, burrows, ostracodes, and stomatolites indicate the
Tonoloway Formation was deposited on a lagoon or tidal flat (Cotter and Inners,
1986). The contact with the overlying Keyser Formation is gradational (Cotter
and Inners, 1986).
DEVONIAN
The Lower Devonian Keyser Formation (Fig. 2.1) is medium- to dark-gray
limestone, dolomite, calcareous shale, and minor sandstone. The 140-foot-thick
formation has nodular bedding and fossils. The most common fossils are
stromatoporoids (Berkheiser and Cullen-Lollis, 1986). Corals and bryozoans
indicate the Keyser Formation was deposited in a shallow-marine environment;
and ostracodes, algae, and stromatoporoids indicate a tidal-flat setting (Anderson
and Goodwin, 2003). The contact with the overlying Old Port Formation is
gradational (Conlin and Hoskins, 1962).
The Lower Devonian Old Port Formation (Fig. 2.1) is medium- to lightgray, sandstone, chert, limestone, and shale. Brachiopods are the most abundant
fossils. The sandstone and limestone are medium bedded, and the shale is thin
bedded. The formation has a total thickness of 190 feet. Chert is present as
nodules in the limestone. A prominent ridge forms with distinctive sandstone or
chert float. The sandstone is distinctive in contrast to the predominantly limestone
Keyser Formation (Conlin and Hoskins, 1962). Brachiopods indicate a shallowmarine environment (Hoffman, 1984). The contact with the overlying Onondaga
Formation is sharp and conformable (Conlin and Hoskins, 1962).
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The Lower Devonian Onondaga Formation (Fig. 2.1) is dark-gray
limestone, chert, sandstone, and shale (Brett and Ver Straeten, 1994). The beds
are thin to thick, and the formation has a total thickness of about 200 feet (Conlin
and Hoskins, 1962). Crinoids and a wide variety of rock types indicate the
Onondaga Formation was deposited on a carbonate platform in a shallow-openmarine environment (Brett and Ver Straeten, 1994). The upper contact with the
Hamilton Group is gradational (Conlin and Hoskins, 1962).
The Middle Devonian Mahantango Formation (lower) and Marcellus
Formation (upper) are part of the Hamilton Group (Fig. 2.1). The Mahantango
Formation is olive-gray shale, sandstone, and minor amounts of limestone
(Hasson and Dennison, 1979). The sandstone is thin to thick bedded with laminae.
The Mahantango Formation is thickly laminated and is finer grained in western
Pennsylvania than eastern (Hasson and Dennison, 1979). The Marcellus
Formation is grayish-black shale that is thinly laminated, and fine-grained
sandstone (Hasson and Dennison, 1979). The Hamilton Group is a maximum of
1500 feet thick (Conlin and Hoskins, 1962). Dark shale grading to lighter and
coarser up-section indicates deposition from deep marine to lagoon (Shelleck,
1983). The overlying contact with the Brailler Formation is conformable (Hasson
and Dennison, 1979).
The Brailler Formation (Fig. 2.1) is 2000 feet thick, and is interbedded
shale and siltstone (Hasson and Dennison, 1979). The Brailler Formation is light
to dark gray (Hasson and Dennison, 1979). The Brailler Formation is
characterized by laminae and cross laminae, and has graded bedding. The Brailler
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Formation was deposited in a turbite sequence (Hasson and Dennison, 1979). The
Brailler Formation contact with the overlying Harrell Shale is conformable
gradational (Hasson and Dennison, 1979).
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Figure 2.1: Regional stratigraphic column.
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Chapter 3
Local Stratigraphy
CAMBRIAN
Warrior Formation
The Warrior Formation is the oldest formation exposed in the map area
(Fig. 3.1). It is divided into upper and lower units. The lower unit is medium-gray,
fine- to medium-crystalline dolomite with interbedded dark-gray, very finecrystalline limestone and tan siltstone partings. Some beds are thin with laminae
and stylonodules; others are massive. The massive beds contain dark ooids. The
upper unit is medium- to very dark-gray, very fine- to medium-crystalline
limestone with thin interbeds of medium-gray, fine-crystalline dolomite. The
Warrior Formation forms steep slopes along the Juniata River, and also forms
grassy hills away from the river in the Snake Valley. The mapping contact with
the overlying Gatesburg Formation is where the carbonate changes from
predominantly limestone, Warrior, to dolomite and coarse sandstone, Gatesburg.
Gatesburg Formation
The Gatesburg Formation is medium- to dark-gray, medium-crystalline
dolomite containing ooids and quartz sand. The formation includes light-gray to
tan, calcareous, well sorted, well rounded, and medium- to fine-grained
sandstone. Both dolomite and sandstone are medium bedded; part of the
sandstone is laminated. One good outcrop has medium- to dark-gray dolomite
with quartz sand and black ooids interbedded with light-gray calcareous
sandstone. Vertical fractures are filled with quartz veins. Most of the outcrop area
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of the Gatesburg Formation is covered with sandstone float in farm fields and
woods. The dolomite of the Gatesburg Formation forms low land, but the
sandstone forms low hills. The mapping contact with the overlying Nittany and
Stonehenge Formations is marked by the absence of sandstone mixed with the
limestone and the presence of light-gray to white dolomite higher in the section.
ORDOVICIAN
Nittany and Stonehenge Formations
The Nittany and Stonehenge Formations are poorly exposed, and form low
grassy areas without float. The Stonehenge Formation is medium- to dark-gray,
fine- to medium crystalline dolomite. The Nittany Formation is best exposed in
small outcrops along the roadside in the Snake Valley. The Nittany Formation is
dolomite of two types: light-gray to white, thin to medium bedded, medium
crystalline; and dark-gray, medium to coarse crystalline. Both types are dense,
laminated, and thin to medium bedded. The Nittany locally contains white ooids,
and has dark-gray chert weathered in the soil near the outcrops. The mapping
contact with the overlying Bellefonte Formation is where the carbonate changes
up-section from light-gray to white dolomite, Nittany and Stonehenge, to medium
to dark-gray dolomite with shale partings and laminae, Bellefonte.
Bellefonte Formation
The Bellefonte Formation is medium- to dark-gray, fine-crystalline
dolomite with quartz grains. The formation includes shale partings, thin laminae,
and thin to massive beds. Dark-gray chert is in a thin zone. The uppermost part of
the Bellefonte is medium bedded, light-gray dolomite. The Bellefonte Formation
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forms several outcrops in the Snake Valley, some on the roadside, and some in
farm fields. Bellefonte float is rare. The mapping contact with the overlying
Loysburg through Coburn Formations is where medium bedded dolomite,
Bellefonte, changes up-section to thin bedded limestone, Loysburg.
Loysburg, Hatter, Snyder, Nealmont, Salona, and Coburn Formations
The Loysburg through Coburn Formations are medium- to dark-gray, finecrystalline limestone. The Loysburg, Hatter, and Snyder Formations include shale
partings. Bentonite layers characterize the Salona Formation. The Ashcom quarry
exposes Loysburg through Coburn Formations, but outcrops outside of the quarry
are low ledges that extend through grassy areas. The mapping contact with the
overlying Reedsville Formation is where limestone changes up-section to
medium- to olive to dark-gray shale. The soil in tree falls is shale rich, and in
places is a more olive to gray color.
Reedsville Formation
The Reedsville Formation is medium- to olive- to dark-gray shale.
Reedsville Formation outcrop is a weathered mass of long slender chips. A solid
stable ledge for strike and dip measurement was not found, even by digging
through the weathered debris. The long slender chips are about three inches long,
and less than an inch wide. The mapping contact with the overlying Bald Eagle
Formation is where gray shale changes up-section to brown, medium- to finegrained sandstone. The contact is gradational, and grain size is a better
determinant than color.
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Bald Eagle Formation
The Bald Eagle Formation is green to brownish-gray, poorly to
moderately sorted, sub-angular to sub-rounded, medium- to fine-grained
sandstone. The sandstone is interbedded with minor amounts of gray shale. The
sandstone in the Bald Eagle Formation is medium bedded. Brown speckles on the
weathered surface are from iron weathering. The upper contact grades upward to
a more red color. The upper contact also has an upward change in grain size,
which is how the formation contact is best determined. The mapping contact with
the Juniata Formation is marked by the change in grain size from the medium- to
fine-grained sandstone of the Bald Eagle to the very fine-grained sandstone of the
Juniata.
Juniata Formation
The Juniata Formation is red, very fine-grained sandstone and shale. The
best outcrops are in the Bedford Narrows and in the Everett Gap. On a slope
where Tuscarora talus has fallen down, the top contact is hidden, and is not
accurately defined. Such cover is common along Tussey Ridge and Evitts Ridge.
The upper Juniata contact with the Tuscarora Formation has a color change from
red to white, but grain size was used to determine the contact. The mapping
contact with the overlying Tuscarora Formation is where the very fine-grained
sandstone and shale changes up-section to medium- to fine-grained sandstone.
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SILURIAN
Tuscarora Formation
The Tuscarora Formation is white, well- to medium-sorted, sub-rounded
to well- rounded, medium- to fine-grained sandstone. The sandstone is crossbedded, laminated, and medium to thick bedded. The Tuscarora forms ridge tops;
it is highly resistant to weathering and erosion. The Tuscarora Formation has
great outcrops in the Bedford Narrows and Everett Gap on either side of the
Juniata River. Along the ridge tops, the formation is present as only loose
boulders of float. The mapping contact with the overlying Clinton Group is where
medium- to fine-grained sandstone changes up-section to shale with some finegrained sandstone.
Clinton Group
The Clinton Group is shale and calcareous shale with some fine-grained
sandstone and limestone. The shale and calcareous shale are green-gray to brown,
laminated; whereas the sandstone and limestone are gray to pale green, laminated.
Both are thinly bedded. This formation is not resistant to weathering, and is
exposed well only in one location. The one outcrop is on the western side of the
Bedford Narrows. The mapping contact with the overlying Mifflintown to Wills
Creek Formations is where the soil in tree falls changes up-section from a greenbrown to a red-brown.
Mifflintown, Bloomsburg, and Wills Creek Formations
The Mifflintown, Bloomsburg, and Wills Creek Formations are greengray, gray- red, brown, medium-gray shale with calcareous shale, and some fine-
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grained sandstone. These formations are not resistant to weathering, and have
been observed only in fallen tree stumps where some shale powder and small
sandstone chunks are present. The mapping contact with the overlying Tonoloway
and Keyser Formations is where shale changes up-section to limestone.
DEVONIAN-SILURIAN
Tonoloway and Keyser Formations
The Tonoloway and Keyser Formations are dark-gray, nodular, cherty,
fine-crystalline limestone. The beds are thin to thick and laminated. Calcite
growths, fractures, shale partings, and cleavage planes are common throughout
the formations. An old quarry in these formations in Everett provides an easily
accessible exposure. In the farm country, the Tonoloway and Keyser Formations
form the outcrop slope on the side of the hills. The mapping contact with the
overlying Old Port and Onondaga Formations is where nodular limestone changes
up-section to limestone, shale, and coarse-grained sandstone.
DEVONIAN
Old Port and Onondaga Formations
The Old Port and Onondaga Formations are dark-gray, fine-crystalline
limestone, and calcareous shale, as well as tan- to light-gray, poorly sorted, subangular, coarse-grained sandstone, and shale. All are thinly bedded. The
formations are found along a hill top in Everett near the old quarry in the
Tonoloway and Keyser Formations. The sandstone is found as float on the dip
slope of the hills in the farm country. Small outcrops are along roadsides in the
farm country. The mapping contact with the overlying Hamilton Group is where
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limestone, shale, and tan to light-gray, coarse-grained sandstone changes upsection to shale and dark-gray, fine-grained sandstone.
Hamilton Group
The Hamilton Group is brown- to dark-gray, very thinly bedded shale,
with a thin unit of dark-gray, well sorted, fine-grained sandstone to siltstone. The
shale is laminated, and the sandstone is cross-bedded. Both are very thinly
bedded. The Hamilton Group is found in Everett and the farm country as small
quarries. The sandstone forms steep slopes along the ridges in the center of the
farm country, whereas the shale forms the gentle slopes and lowlands. This is the
youngest stratigraphic unit exposed in the map area.
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Figure 3.1: Stratigraphic column of Everett West 7.5-minute quadrangle. Modified from Knowles (1966).

Chapter 4
Local Structure
The large-scale structures in the Everett West quadrangle are the Friends
Cove anticline and Bedford syncline; three transverse faults, Breezewood, Everett
Gap, and Bedford; and the Hartley thrust fault, the Raystown backthrust fault, and
the Ashcom backthrust fault (Fig.1.3). The Friends Cove anticline plunges north.
It is terminated on the south by the Everett Gap transverse fault. South of the
Everett Gap fault, the Hartley thrust fault has an associated thrust ramp anticline,
Hartley ramp anticline. The Everett Gap transverse fault ends westward against
the Hartley thrust fault, and both the Hartley thrust fault and ramp anticline
terminate northward against the Everett Gap transverse fault. The Everett Gap
transverse fault displays dextral offset between the Friends Cove anticline on the
north and the Hartley thrust ramp anticline on the south. The Bedford syncline is
offset slightly by the Bedford transverse fault. The Bedford transverse fault
terminates west of the Everett West quadrangle against the Wills Mountain thrust
fault, and displays dextral offset. The Raystown backthrust fault, west of the
Hartley frontal ramp, extends as a flat through the Reedsville Formation and
displaces the Bald Eagle and Juniata Formations on the east limb of the Bedford
syncline. The Breezewood transverse fault extends through the Broadtop
synclinorium on the east, and displays dextral offset. The Ashcom backthrust
fault, which terminates to the north at the west end of the Breezewood fault and to
the south against the Everett Gap fault, ramps steeply up section eastward.
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CROSS SECTIONS
Six cross sections were constructed (Plates 2, 3, and 4). Two long cross
sections, G – G’ and F – F’, were drawn perpendicular to strike. Cross section G –
G’ (Plate 4 G) is north of the Transylvania fault zone (north of the Everett Gap
fault), whereas cross section F – F’ (Plate 4 F) is south of the fault zone. Cross
sections F – F’, from cross section B – B’ (Plate 2 B), and G – G’, from cross
section A – A’ (Plate 2 A), are within the Everett West quadrangle boundaries,
and are at full map-scale (Plate 4).
Cross section G – G’ crosses the Bedford syncline and north-plunging
Friends Cove anticline, and intersects the southward striking Ashcom backthrust
fault, which links the Breezewood and Everett Gap faults, on the east. Cross
section F – F’ crosses the Bedford syncline and intersects the Hartley thrust fault.
Cross section F – F’ extends eastward across the Hartley thrust ramp anticline.
Cross section FG is a combination overlay of both cross sections F – F’ and G –
G’ (Plate 2 FG) to show a comparison of structures on opposite sides of the
transverse fault. The cross sections overlap, and are combined by aligning
elevation and along-strike markers.
Cross section C – C’ is drawn south of cross section F – F’. Cross section
C – C’ is perpendicular to strike, crossing the Raystown backthrust fault (Plate 3
C). Cross section C – C’ also intersects the Hartley thrust fault.
Cross section D – D’ is drawn across and approximately perpendicular to
the Everett Gap fault along strike of the Nittany and Stonehenge Formations south
of the Everett Gap transverse fault, and the Gatesburg Formation north of the
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Everett Gap transverse fault (Plate 3 D). Cross section D – D’ intersects cross
sections F – F’ and G – G’.
Cross section E – E’ is drawn along strike, down plunge of the crest of the
Friends Cove anticline north of the Everett Gap fault (Plate 3 E). Cross section E
– E’ intersects cross section G – G’.
LITHOTECTONIC UNITS
The formations in the field area are grouped into six different lithotectonic
units (Fig. 4.1). Each lithotectonic unit is identified on the basis of mechanical
properties and stratigraphic order (e.g., Wiltschko and Geiser, in Hatcher et al.,
1989).
The Waynesboro and Pleasant Hill Formations are Unit 1, the basal
décollement layer. Unit 1 consists of shale and limestone (Perry, 1978). Perry
(1978) defined the décollement zone in the central Appalachians as the
Waynesboro Formation.
The Warrior, Gatesburg, Nittany, Stonehenge, and Bellefonte Formations
form one lithotectonic unit, named unit 2. Unit 2 is Cambrian and lower
Ordovician carbonates, and these form a regional stiff layer.
The Loysburg, Hatter, Snyder, Linden Hall, Nealmont, Salona, and
Coburn Formations comprise Unit 3. Unit 3 consists of middle Ordovician
carbonate with shale partings, and acts as a stiff layer with locally ductile parts
where the shale is abundant. A local detachment zone is at the base of Unit 3.
The Reedsville, Bald Eagle, and Juniata Formations are another
lithotectonic unit, named unit 4. Unit 4 is the upper Ordovician shale-dominated
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clastic succession, and characteristically has small-scale folds and faults. Perry
(1978) defined the Reedsville Formation as a detachment zone in the central
Appalachians.
The Tuscarora Formation is unit 5. Unit 5 is the Silurian sandstone that is
most resistant to erosion. The Tuscarora Formation is a thin brittle layer.
The Clinton Group; Mifflintown, Bloomsburg, Wills Creek, Tonoloway,
Keyser, Old Port, and Onondaga Formations; and Hamilton Group are in unit 6.
Unit 6 is Silurian and Devonian clastic and carbonate rocks that exhibit smallscale folds and faults.
STRUCTURES
Outcrop geology
The Friends Cove anticline has steeply dipping beds on both limbs. At the
Bedford Narrows, which is south of the Bedford transverse fault on the western
limb of the Friends Cove anticline, Units 3 and 4 and the Clinton Group locally
have steep overturned beds, which range in dip from 75º to 84º east (Plate 1). Dip
angles of Units 3 and 4 at the Everett Gap, north of the Everett Gap fault on the
eastern limb of the Friends Cove anticline, are 84º to 71º east.
The western limb of the Friends Cove anticline is also the eastern limb of
the Bedford syncline; and the Bald Eagle, Juniata, and Tuscarora Formations and
Clinton Group have steep, overturned dip angles in outcrop. Westward toward the
trough of the Bedford syncline, dip angles are lower. Dip angles are less than 36º
in the limbs of the Bedford syncline, and are nearly flat in the trough of the
syncline (Plate 1). All but one strike and dip measurement is from the northern
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side of the Bedford fault. The one measurement to the south is within the same
range of dip angles as the measurements to the north of the Bedford fault.
South of the Everett Gap fault along the Hartley ramp anticline, dip angles
along the eastern limb are less than 40º southeast. The dips increase eastward
toward Everett Gap, and the dip angles range from 40º to 60º southeast (Plate 1).
The dips south of the Everett Gap fault, on the east limb of the Hartley ramp
anticline, are less steep than those on the north side of the Everett Gap fault, on
the east limb of the Friends Cove anticline.
The oldest formation exposed along the Hartley thrust fault is the Warrior
Formation of Unit 2 (Plate 1). Two different dip directions to the east of the
Hartley thrust fault indicate the crest of the ramp anticline. On the east, the dip is
3º toward the southeast; but on the west, the dip is 25º toward the northwest. The
area between these two dip measurements marks the crest of the thrust ramp
anticline; however beds exactly at the crest are not exposed. The distance between
oppositely dipping beds shows that the crest of the anticline is more sharp than
broad (Plate 4 F). The thrust ramp anticline plunges to the south.
At the Everett Gap fault on the east limbs of both the Friends Cove
anticline and the Hartley ramp anticline, the Clinton Group, and Tuscarora,
Juniata, Bald Eagle, and Reedsville Formations curve in strike sharply toward the
west on both sides of the fault (Plate 1). South of the Everett Gap fault, the strike
direction curves from northeast to northwest. North of the Everett Gap fault, the
strike curves from approximately N2ºE to N33ºE at the Everett Gap fault. The
Everett Gap fault is a right-lateral strike-slip fault, and the formations on the north
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side of the fault are curved along the drag direction. On the south side of the
Everett Gap fault, the formations are curved in the opposite direction from fault
drag. The curves in strike define a set of folds, which result from shortening
approximately perpendicular to the fault. A short distance west of the Everett
Gap, the Everett Gap fault curves from a strike of N61ºW to an average strike of
N76ºW, constituting a restraining bend (Fig. 4.2). A component of compression
along the bend in the fault may account for the shortening shown by the folds.
Where the fault is curved, the direction of fault movement causes compression
(Fig. 4.2).
Subsurface geology
Well
The ARCO well (Fig. 4.3) was drilled on the Hartley ramp anticline south
of the Everett Gap transverse fault. The ARCO well, completed on May 8, 1985,
drilled to a total depth of 15500 feet, at 14133 feet below sea level. The ARCO
well was drilled downward from the surface in the Nittany and Stonehenge
Formations through a continuous stratigraphic section to the Pleasant Hill
Formation; but below the Pleasant Hill Formation, the well drilled into the
Warrior Formation. In cross section F - F’, the boundary between the Pleasant
Hill and underlying Warrior Formation is shown to be where the well intersects
the Hartley thrust fault (Plate 4 F). Below the Hartley thrust fault, a continuous
section from Warrior Formation down to the Waynesboro Formation is part of the
hanging wall of the Wills Mountain thrust fault. At the Wills Mountain thrust
fault, the Waynesboro Formation lies directly over the Pleasant Hill Formation.
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Below a thin succession of Pleasant Hill, the well extends through a thick section
of the Nittany and Stonehenge Formations underlain by rocks identified as the
Warrior Formation in the well records at the Pennsylvania Geological Survey.
The contact between the Pleasant Hill Formation and underlying Nittany and
Stonehenge Formations is interpreted to be a thrust fault as is the contact between
the Nittany and Stonehenge Formations and the underlying Warrior Formation.
This lower contact puts a younger formation (Nittany and Stonehenge) over an
older formation (Warrior) (Fig. 4.3, Plate 4 F). Because the Warrior Formation
and the Gatesburg Formation could be mistaken for each other in rock
identification, possibly the rock identified as Warrior is Gatesburg (Fig. 4.3). If
so, a continuous section from the Nittany and Stonehenge Formations down into
the Gatesburg Formation has no thrust fault at that level. Alternatively, if the
Warrior is correctly identified, it is in a thin horse involving some out-ofsequence thrusting. Below the possible Gatesburg Formation (or Warrior) is a
succession of the Bellefonte Formation through into the Gatesburg Formation, at
the bottom of the well.
Construction of cross sections
The surface control for cross section F –F’ (Plate 4 F and Plate 2 B) aided
in the construction of the cross section of the Hartley ramp anticline in the
subsurface. The Hartley ramp anticline was drawn for Units 1 through 6, using
map contacts and strike and dip as control. In the Hartley thrust sheet, the thrust
fault is at the base of the Pleasant Hill Formation as indicated by the ARCO well.

46

The oldest exposed formation in the south-central Valley and Ridge
province is the Waynesboro Formation. The Waynesboro Formation is described
by Faill (1998) as the regional décollement layer. The Hartley thrust fault is in the
Pleasant Hill Formation just above the Waynesboro Formation. The Bellefonte,
Nittany, Stonehenge, Gatesburg, and Warrior Formations are described by Faill
(1998) as the regional stiff layer. These units control the geometry of the Hartley
ramp anticline.
The succession of Bellefonte, Nittany and Stonehenge, and Gatesburg
Formations in the deepest part of the ARCO well has an apparent thickness
approximately equal to the regional thickness (Fig. 4.3), which indicates the
formations are relatively flat lying. Therefore, the deep subsurface stratigraphic
units from the Bellefonte through Waynesboro Formations were drawn
horizontally below the anticline.
With the exposed ramp anticline and the subhorizontal Units 1 and 2 in the
deep subsurface drawn into the cross section, a large void beneath the anticline
was left to fill. The formations penetrated in the ARCO well suggest that the void
is filled by a duplex of rocks of Units 1 and 2.
The duplex consists of Units 1 and 2 (Plate 4 F and Plate 2 B), as indicated
by the units drilled in the ARCO well (Fig. 4.3). The ARCO well (Fig. 4.3) drilled
through a thick section, 3900 feet, of the Nittany and Stonehenge Formations. The
apparent thickness in the well is much greater than the regional stratigraphic
thickness of approximately 1000 feet. The great apparent thickness indicates that
the well drilled through steeply dipping beds. The steeply dipping beds suggest
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that the southeastern part of the duplex is an antiformal structure with a steep
northwestern limb, which implies a low-angle southeastern limb. The antiform
structure is needed to fill the space in the southeastern part of the duplex, and a
gently dipping southeast limb fills the space with rocks of the Pleasant Hill and
Warrior Formations. The northwestern part of the duplex may be filled with a
separate northwest-dipping succession, and the Pleasant Hill in the well is
interpreted to be the trailing part of that horse (Plate 4 F and Plate 2 B). An
antiform on the northwest side of the duplex is not necessary because the area in
the duplex is equal to the area of the unfolded formations. In this interpretation,
the duplex is formed by two horses of Units 1 and 2. A complete succession of the
Waynesboro Formation through the Bellefonte Formation fills the southeastern
part of the duplex. The northwestern part of the duplex is filled with the Pleasant
Hill through Bellefonte Formations.
Faill (1998) had access to seismic lines across Pennsylvania. He reported
that the seismic lines do not indicate any large duplex structures under the
anticlines. Faill (1998) did reveal that seismic lines indicate the core of an
anticline shows “severe complications at depth.” The duplex underneath the
Hartley thrust ramp anticline is at a relatively small scale, and has “severe
complications at depth.”
Using the duplex beneath the Hartley thrust fault as a model, a similar
duplex is interpreted to fill a void beneath the Friends Cove anticline (Plate 4 G
and Plate 2 A). The duplex under the Friends Cove anticline is filled with Units 1
and 2, including an antiform structure on the southeastern side of the duplex, and
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steeply dipping beds on the northwestern side. Dip angles for the duplex under the
Friends Cove anticline are similar to the dip angles for the duplex under the
Hartley ramp anticline.
Below the duplex below both the Hartley ramp anticline and the Friends
Cove anticline is a continuous succession of Bellefonte to Gatesburg Formations,
suggesting a continuous section down below through Units 1 and 2. A
décollement is interpreted to be in the Waynesboro Formation, as suggested by
regional structure (Faill, 1998).
If the décollement is a hanging wall flat in the Waynesboro, as indicated
by the horizontal Bellefonte Formation through the Gatesburg Formation in the
well, the autochthonous succession below the décollement is the remaining
Waynesboro Formation, and Tomstown Formation and Chilhowee Group. The
Antietan, Harpers, Waverton, and Loudoun Formations comprise the Chilhowee
Group. The depth to basement from the top contact of the Waynesboro Formation
through the Chilhowee Group is approximately 1500 feet (from the décollement,
the depth to basement is approximately 1400 feet) (using thicknesses from
Patchen et al., 1985). At the location of the ARCO well, using regional
stratigraphic thicknesses, the total depth to the basement from sea level is
approximately 17400 feet. According to the Pennsylvania Geologic map (1980)
cross section D - D’, the depth to basement is at approximately 28000 feet (below
sea level). According to Shumaker (1985) cross section 2, the depth to basement
is at approximately 19500 feet (below sea level).
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The depth to décollement is shown to be at approximately 22000 feet
(below sea level) according to the Pennsylvania Geologic map (1980) cross
section D - D’, and at approximately 15500 feet (below sea level) according to
Shumaker (1985). The depth to décollement according to cross section F – F’
(Plate 4 F and Plate 2 B) is approximately 16000 feet (below sea level), measured
at the location of the ARCO well, and is between the depth in the two previous
interpretations.
An alternate interpretation is that the décollement beneath the ARCO well
overlies another section of Units 1 and 2 below the Waynesboro Formation. This
would imply that depth to basement is 24800 feet. Another panel of Units 1 and 2
would introduce a great length that is not balanced by the known length of Units 3
through 6. For these reasons, this alterative is considered very unlikely, and the
depth to basement below the ARCO well is most likely 17400 feet.
Subsurface faults
Faults that are traced on the present land surface have been given names,
but subsurface faults have not been given names. In the subsurface, a thrust fault
splays off to the west of the Hartley thrust fault as the boundary between the
overlying Waynesboro Formation in the trailing part of the Wills Mountain thrust
sheet and the underlying Units 1 and 2 in the duplex (Plate 4 F and Plate 2 B).
This splay is the roof of the Hartley ramp anticline duplex, and is the Wills
Mountain thrust fault farther west. The top contact of Unit 2 below the duplex is a
thrust fault that splays off the Hartley thrust fault (Plate 4 F and Plate 2 B). This
splay is the floor of the Hartley ramp anticline duplex. The floor of the Hartley
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ramp anticline duplex extends west of the duplex as an upper-level detachment
approximately at the base of Unit 3 (Plate 4 F and Plate 2 B), and it merges with
the Wills Mountain thrust fault at the western edge of the duplex.
Under the Friends Cove anticline, a thrust fault ramps off the basal
décollement (Plate 4 G and Plate 2 A). The splay continues as an upper-level
detachment as the roof of the duplex beneath the Friends Cove anticline. The roof
of the Friends Cove anticline duplex extends westward as the Wills Mountain
thrust fault. The thrust fault splay that is the floor of the duplex merges with the
duplex roof thrust to form the Wills Mountain thrust fault.
Where the roof of the duplex splays off the frontal ramp below the Friends
Cove anticline, the Ashcom fault backthrusts off the frontal ramp. The frontal
ramp off the décollement, roof of the duplex, floor of the duplex, and Ashcom
fault all project to an intersection at approximately the same point. The Ashcom
fault must splay off the frontal ramp, not the roof of the duplex, because in a
restored section, the Ashcom fault restores east of the duplex. The Ashcom fault
is interpreted to have formed at the same time as the duplex because the duplex is
not offset by the Ashcom fault.
Both the Hartley ramp anticline and the Friends Cove anticline have a
subsurface duplex, but the two duplexes are different. Part of the roof of the
duplex below the Hartley ramp anticline (Plate 2 B) is horizontal beneath the
Hartley frontal ramp. The Hartley ramp anticline duplex has a horizontal roof that
shapes the geometry of the Hartley footwall. Units 1 and 2 of the Hartley footwall
are the units that follow the horizontal roof of the duplex below the Hartley ramp
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anticline. Units 1 and 2 have a long cut off with the Hartley thrust fault in the
footwall. The roof of the Friends Cove anticline duplex (Plate 2 A) is steep and
angular. The Friends Cove anticline duplex has an angular roof because the roof
responds to the internal shortening to form the Friends Cove anticline. The
Friends Cove anticline is structurally similar to the Hartley ramp anticline except
for the Hartley thrust fault. Thrust ramp anticlines show more shortening than
unfaulted anticlines because frontal ramps displace the stratigraphy over the ramp.
The shortening for the Hartley ramp anticline is greater than the shortening for the
Friends Cove anticline. The Hartley ramp anticline duplex has displacement taken
up by the thrust-fault ramp anticline, and the Friends Cove anticline duplex has
displacement taken up in the angular roof.
Cross section FG
Cross section FG compares cross sections F – F’ and G – G’ by
superimposing the two cross section using projection onto a single vertical plane
(Plate 2 FG). For the projection, cross sections F – F’ and G – G’ were aligned
using elevation and along-strike contacts. A line was drawn along strike of the
Hartley thrust ramp anticline between the two cross sections. This line is labeled
as cross section D – D’ (Plate 1). The intersections of cross section D – D’ with
cross sections F – F’ and G – G’ mark the points along cross sections F – F’ and
G – G’ used for alignment in cross section FG. In cross section FG (Plate 2 FG);
the dotted lines show cross section G – G’, and the solid lines show cross section
F – F’ (Plate 2 FG). The solid and dotted lines for the specific contacts do not
coincide because they are on opposite sides of the dextral-slip Everett Gap
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transverse fault. Aligning cross sections F – F’ and G – G’ along a fixed point
shows how the rocks on either side of the Everett Gap fault moved in relation to
each other. Rocks to the north and south of the Everett Gap fault are offset, and
cross section FG shows the dotted lines (north of the Everett Gap fault) are offset
horizontally to the right of the solid lines (south of the Everett Gap fault).
Along strike across the Everett Gap fault
Cross section D – D’ extends along strike from 1000 feet south of cross
section F – F’, through the ARCO well, across the Everett Gap transverse fault,
and to 1000 feet north of cross section G – G’ (Plate 1). Along-strike cross
sections of dipping beds must accommodate apparent stratigraphic thicknesses in
the vertical plane of the cross section. Where cross section D – D’ intersects cross
section F – F’, the apparent thicknesses of the units in cross section F – F’ are
transferred to cross section D – D’ as control. The thicknesses penetrated in the
drilled ARCO well are used as control for cross section D – D’. Where cross
section D – D’ intersects cross section G –G’, the apparent vertical thickness of
the units in cross section G – G’ are transferred to cross section D – D’ as control.
The line for cross section D – D’ crosses the upper contact of the Gatesburg
Formation. The upper contact of the Gatesburg Formation and the apparent
thicknesses from cross section G – G’ are used as control for the northern side of
the Everett Gap fault. Using these controls, rocks on the southern side of the
Everett Gap fault plunge toward the south, and rocks on the northern side plunge
toward the north. The beds plunge in opposite directions on opposite sides of the
Everett Gap transverse fault (Plate 3 D). The Hartley thrust ramp anticline
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plunges south, and the Friends Cove anticline plunges north, which is also shown
in cross section E – E’ (Plate 3 E). The plunges in both directions away from the
Everett Gap fault are consistent with a component of shortening perpendicular to
the fault.
Breezewood and Ashcom faults
The Breezewood fault extends westward to an abrupt curve to a
southwest-striking fault toward the Everett Gap fault (Fig. 4.4). The southweststriking fault is defined here as the Ashcom backthrust fault (Plate 2 A). The
Breezewood fault and Everett Gap fault both display right-lateral offset (Fig. 4.4).
The two faults have an en echelon relationship. The rocks on the south of the
Breezewood fault are displaced to the west, whereas the rocks on the north of the
Everett Gap fault are displaced to the east. The west end of the Breezewood fault
and the Everett Gap faults are separated by about 1 mile.
Along the Everett Gap and Breezewood faults, the amounts of offset vary
(Fig. 4.4). Along the Everett Gap fault from west to east, the amount of offset
between the upper contacts of formations decreases. The Gatesburg through
Coburn Formations offsets are approximately 3000 feet. The Reedsville
Formation through Clinton Group offsets are approximately 1600 feet. The
Mifflintown through Onondaga Formations offsets (east of the Ashcom fault) are
approximately 100 feet. Along the Breezewood fault from west to east, the
amount of offset between the upper contacts of formations increases. The
Mifflintown Formation through Hamilton Group offsets are approximately 1800
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feet. Farther east, the Brailler through Foreknobs Formations offsets are
approximately 3800 feet.
The offsets of map contacts show the amount of displacement on the
Breezewood fault decreases toward the west, toward the Everett Gap fault. The
amount of displacement on the Everett Gap fault decreases toward the east,
toward the Breezewood fault. The displacement of the Breezewood and Everett
Gap faults interfere because the faults are separated by only 1 mile. The
displacement is transferred along the Ashcom fault, from the Breezewood fault to
the Everett Gap fault. The difference in displacement is compensated by the
Ashcom backthrust fault between the Breezewood and Everett Gap faults.
Raystown fault
The Raystown backthrust fault extends along the eastern limb of the
Bedford syncline, south of the Bedford fault and west of the Hartley thrust fault.
The section of the Raystown fault where the Juniata Formation is exposed on the
surface is traced by locating tree falls with exposures of red shale of the Juniata
Formation. The Raystown fault extends through a local detachment zone in the
Reedsville Formation (Plate 3 C). The Reedsville Formation is recognized by
Faill (1998) to be an upper-level regional detachment zone. The Raystown fault
extends eastward within the subsurface Reedsville Formation. Near, but west of
the Hartley thrust fault, the Raystown fault ramps up section towards the east to
offset the Bald Eagle and Juniata Formations (Plate 3 C). This is shown because
the Raystown fault offsets the Juniata and Bald Eagle Formations south of the line
of cross section C – C’ (Plate 1).
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SMALL-SCALE STRUCTURES
At Everett Gap, on the eastern limb of the Hartley thrust ramp anticline,
the Bald Eagle Formation is highly deformed with many different small fault
blocks with different bed orientations and folds. The average small fault
orientation is N50ºE 48ºSE (Fig. 4.5). The small-scale faults are oriented
apparently parallel with the regional-scale strike direction of the eastern limb of
the Hartley ramp anticline. The faults are seen only in the Bald Eagle Formation
near the Everett Gap fault.
The Bedford Narrows has one Clinton Group outcrop that contains many
small folds. The folds have a wavelength of, at most, 3 feet. A stereonet plot (Fig.
4.6) was constructed for the strike and dip of each axial plane, and the average is a
strike orientation of N53ºE and 40º SE dip. The regional strike of the rocks here is
about the same orientation as the strike of the axial planes. A stereonet plot of the
trend and plunge of the fold hinges was constructed (Fig. 4.7), and the average
trend and plunge is S24ºW 12ºSW. The Clinton Group is stratigraphically above
the stiff Tuscarora Formation. Where the Clinton Group intersects the present-day
surface is where the formations are folded upward from the Bedford syncline in
the footwall of the Hartley thrust fault (Fig. 4.8). The drag folds reflect the slip of
the Clinton Group, the weak layer, over the Tuscarora Formation, the stiff layer,
upward along the limb out of the syncline.
At the Bedford Narrows, two outcrops of the Bald Eagle Formation show
small-scale faults. One outcrop is along the inaccessible Pennsylvania Turnpike,
and measurements come from Knowles (1966). Knowles (1966) described this
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outcrop as the Bald Eagle Formation and a part of the Reedsville Formation
displaced by a fault. The fault strikes at N28ºE and dips at 82ºSE. The Bald Eagle
Formation has rocks near the lower contact that are similar to the Reedsville
Formation. The other Bald Eagle outcrop at the Bedford Narrows is an extension
of the outcrop on the Turnpike along a highway in a cut almost perpendicular to
the outcrop on the Turnpike. This outcrop has a fault oriented at N31ºE 35ºNW
(Fig. 4.9). Two sets of bedding are exposed at this outcrop, one is on the
southeastern side of the fault, and the other set is on the northwestern side of the
fault. The small-scale deformation in the Bald Eagle Formation at the Bedford
Narrows is similar to large-scale deformation. On the southeast side of the fault,
the beds strike at N44ºE and dip at 42ºNW (Fig. 4.9), which is similar to the
orientation of the eastern limb of the Bedford syncline. On the northwest side of
the fault, the beds strike at N33ºE and dip at 40ºSE overturned (Fig. 4.9), which is
similar to the orientation of the overturned beds on the eastern limb of the
Bedford syncline. The fault is exposed only in the Bald Eagle Formation.
INTERPRETATION
The Breezewood, Everett Gap, and Bedford transverse faults, part of the
regional Transylvania fault zone, terminate against thrust faults. Displacement of
the Breezewood fault and Everett Gap faults transferred across the Ashcom
backthrust fault. Displacement on the Everett Gap fault stops westward with the
Hartley thrust fault. Displacement on the Bedford fault stops westward with the
Wills Mountain thrust fault west of the Everett West quadrangle. Displacement
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along the different faults within the Transylvania fault zone is either transferred as
a thrust fault, or displacement is stopped with a thrust fault.
The Friends Cove anticline and Hartley ramp anticline are separated by
the Everett Gap fault. Dips are more steep through the Tuscarora Formation on
the eastern limb of the Friends Cove anticline than on that of the Hartley ramp
anticline. The Hartley ramp anticline is structurally higher than the Friends Cove
anticline. Shortening across these structures is measured from the upper contact of
the Gatesburg Formation through the upper contact of the Coburn Formation.
Measurements were made from the contact point on the Hartley thrust fault
eastward to the Broad Top synclinorium on cross section B – B’. Measurements
were made from the contact point with the pin line (used for the palinspastic
reconstruction) eastward to the Broad Top synclinorium on cross section A – A’.
This distance was measured in bed length on cross sections A – A’ and B – B’
and compared to the horizontal length (Fig. 4.10). The Hartley ramp anticline,
approximately 10700 feet of shortening, has more shortening than the Friends
Cove anticline, 6300 feet of shortening (Fig. 4.10). The difference in shortening
between the Friends Cove anticline and Hartley ramp anticline is approximately
4400 feet. The Hartley ramp anticline and Friends Cove anticline are semiindependently deformed on either side of the Everett Gap fault. The strike-slip
displacement, as measured from horizontal separation of contacts, on the Everett
Gap fault is approximately 2600 feet. The difference in shortening between the
Hartley ramp anticline and the Friends Cove anticline is approximately 1800 feet
greater than the displacement of the Everett Gap fault (Fig. 4.10).
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The difference in shortening between the Hartley ramp anticline and the
Friends Cove anticline should equal the amount of strike-slip separation on the
Everett Gap fault. The difference between shortening and horizontal separation
may be from the problem of locating the exact corresponding structural positions
on both the Friends Cove anticline and Hartley ramp anticline. Connecting a
straight line across the Everett Gap fault or connecting stratigraphic contacts does
not take into account a possible dip-slip component on the fault.
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Figure 4.1. General lithotectonic column showing lithostratigraphy, thickness, and
the mechanical role of each lithotectonic unit.
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Figure 4.2: Diagrammatic maps of Everett Gap fault. A is a hypothetical sketch of
simple compression at a restraining bend along a strike-slip fault. B shows the
trace of the Everett Gap fault with strike-slip directions. C shows local
compression at a restraining bend in the Everett Gap fault.
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Figure 4.3. Well log of the ARCO well with formation symbols and
corresponding map color. Red lines at stratigraphic discontinuities are interpreted
to be thrust faults. The section labeled Cw * (Warrior Formation) may be
misidentified and may be Gatesburg Formation in normal stratigraphic succession
below Nittany and Stonehenge Formations, eliminating the inferred fault at the
top of Cw *.
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Figure 4.4. Schematic maps of the Everett Gap fault, Ashcom fault, and
Breezewood fault intersections in map view. A shows the initial stage with fault
movement directions. B shows the relative displacement differences (lengths of
arrows are proportional to inferred magnitude of displacement). C shows the
approximate offset values (in feet). Values on the Breezewood fault are taken
from the Pennsylvania Geologic map (1980).
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Figure 4.5: Stereonet plot of poles to small-scale faults in the Bald Eagle
Formation at Everett Gap.

Figure 4.6: Stereonet plot of poles to strike and dip of axial planes of folds taken
from the Clinton Group at the Bedford Narrows.
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Figure 4.7: Stereonet plot of trend and plunge data of fold hinges taken from the
Clinton Group at Bedford Narrows. Dark boxes are direct trend and plunge
measurements of fold hinges. Open boxes are trend and plunge of fold hinges
calculated from the strike and dip of both limbs to three folds.
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Figure 4.8: Cross sections of drag folds in the Clinton Group at the Bedford
Narrows. From Plate 2 B.
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Figure 4.9: Stereonet plot of fault (circle) and poles of strike and dip data from
beds in the Bald Eagle Formation at the Bedford Narrows. Open boxes are from
the southeastern side of the fault, and closed boxes are from the northwestern side
of the fault.
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Figure 4.10: Lengths measured and calculated for the amount of offset on the
Everett Gap fault. A. Amount of shortening on the Friends Cove anticline. B.
Amount of shortening on the Hartley ramp anticline. C. Difference in shortening
between the Friends Cove anticline and Hartley ramp anticline, the measured
length of horizontal separation on the Everett Gap fault, and the difference
between the two measurements.
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Chapter 5
Regional Structure
TRANSYLVANIA FAULT ZONE
The Transylvania fault zone, including east-west discontinuous faults, is
approximately along latitude 40° N in southern Pennsylvania (Fig. 5.1, 5.2, and
5.3). The faults have right-lateral offset, and some sections are vertically offset
(Root and Hoskins, 1977). The beds were deformed by folding and thrusting
during the Alleghanian orogeny. The rocks are semi-independently deformed on
either side of the cross faults, which indicates fault movement during the folding
and thrusting (Root and Hoskins, 1977). The six faults are the Marsh Creek,
Shippensburg, Sidling Hill, Breezewood, Everett Gap, and Bedford transverse
faults.
The Shippensburg and Marsh Creek faults are the farthest to the east (Fig.
5.1). The Triassic basins province is the most eastward extent of the faults (Root
and Hoskins, 1977). The Shippensburg fault is north of the Marsh Creek fault. On
the west, the Shippensburg fault terminates within the thrust sheet in middle to
upper Ordovician shales. The Marsh Creek fault terminates with the Carbaugh
thrust fault (Faill, 1998).
The Sideling Hill fault extends 20 km east to west, and the Breezewood
fault is about 3 km to the south and parallel to the Sideling Hill fault (Fig. 5.2).
The Sideling Hill fault is within the footwall of the McConnellsburg thrust fault.
The Breezewood fault is about 34 km long, and it ends westward at an
intersection with the Everett Gap fault, which is 5 km long (Fig. 5.3) (Root and
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Hoskins, 1977). The Transylvania fault zone strikes at 270°, and the Everett Gap
fault strikes at 290°. The Everett Gap fault ends westward where it intersects a
thrust fault, the Hartley thrust fault (Friends Cove thrust fault in Root and
Hoskins, 1977). West of the Hartley thrust fault, the Bedford fault extends 9 km
west to where it intersects a thrust fault, the Wills Mountain thrust fault (Root and
Hoskins, 1977). The Everett Gap fault and the Bedford fault are both rightlaterally offset, but there is no way to know if there is vertical offset, unlike the
other faults in the zone (Root and Hoskins, 1977). The Everett Gap fault, Bedford
fault, and Hartley thrust fault are present in the Everett West 7.5-minute
quadrangle.
REGIONAL STRUCTURES ALONG EXTENDED CROSS SECTION B –
B’
Cross section B - B’ (Plate 2 B) is extended from the Everett West
quadrangle, in the Valley and Ridge, east to the Broad Top synclinorium, and
west to the Appalachian Plateau (Fig. 5.4). The cross section was extended using
data from the online maps available through the Pennsylvania Geological Survey
(Appendix). Strike and dip data are not available, and dip angles were estimated
from width of outcrop. Well data are used for subsurface information. A
palinspastic reconstruction, drawn at the same time as the structural cross section,
was used to aid in constructing the deformed section.
The Valley and Ridge province is the westernmost Pennsylvania province
where thrust faults ramp up-section to the present surface. The Allegheny
structural front is where the most western frontal ramp rises from the décollement
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in the Cambrian Waynesboro Formation. The structural front is the boundary
between the Valley and Ridge province and the Appalachian Plateau province to
the west. Thrust faults do not intersect the present-day surface in the Appalachian
Plateau province, which is characterized by relatively low-amplitude folds. The
major surface structures on cross section B – B’ from the Everett West quadrangle
are the Hartley ramp anticline, Hartley thrust fault, and Bedford syncline. The
major surface structures on cross section B – B’ west of the Everett West
quadrangle are the Wills Mountain ramp anticline, Wills Mountain thrust fault,
Schellsburg syncline, and Schellsburg dome, which is named in Gwinn (1970).
East of Everett West quadrangle
In the Broad Top synclinorium east of the Everett West quadrangle, the
oldest formations along the cross section line are of Mississippian age. From the
base of the youngest exposed formation, which is the Mauch Chunk Formation,
the average thickness of all the formations between the base of the Mauch Chunk
Formation and the top of the Devonian Hamilton Group was determined, using
Patchen et al. (1985) as sources for the thickness of the Mauch Chunk through
Brailler Formations, which is the formation overlying the Hamilton Group. To
construct the cross sections, the upper contact of the Hamilton Group was drawn
at the depth equal to the thickness of all the younger formations (Plate 2 B). The
Hamilton Group and older stratigraphy are extended down to the décollement,
using thicknesses from the map area. Above the décollement, a continuous
succession from the Waynesboro Formation extends up through the youngest
formation of Mississippian age. A lack of known internal imbricates in the thrust
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sheet indicates an uninterrupted succession of stratigraphy. The thickness from
the Waynesboro Formation through to the Mauch Chunk Formation requires the
depth to décollement at the deepest part of the Broad Top synclinorium to be at a
slightly greater depth than the depth to décollement in Everett West, as
determined from the stratigraphy in the ARCO well (Plate 2 B).
Everett West quadrangle
The part of cross section B – B’ that is in the Everett West quadrangle is
drawn on the basis of surface data and well data. Contacts and dip measurements
of exposed formations shown on the map were extended from the surface into the
subsurface as control (Plate 2 B). The ARCO well data were used as control for
the space beneath the Hartley ramp anticline.
West of Everett West quadrangle
Bedford syncline and east side of the Wills Mountain ramp anticline
The cross section of the Bedford syncline and Wills Mountain ramp
anticline was drawn by extending dip data, formation thicknesses, and map
contacts downward from the outcrop. A well drilled in the Wills Mountain ramp
anticline, the Kerr McGee Martin well (Jacobeen and Kanes, 1975), is located upplunge from cross section B – B’ on the Wills Mountain ramp anticline (Fig. 5.4).
The location of the Kerr McGee Martin well, projected 8 miles along strike and
down plunge, is marked on cross section B – B’ (Plate 2 B), and the section
drilled by the well is projected down plunge on the cross section.
Assuming a single continuous vertical stratigraphic succession, the depth
to the lower contact of the Pleasant Hill Formation (top of the Waynesboro
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Formation) beneath the trough of the Bedford syncline on cross section B – B’
(Plate 2 B) is approximately 11200 feet below sea level. The depth to the
décollement in the Waynesboro Formation, projected westward from underneath
the Hartley ramp anticline, beneath the trough of the Bedford syncline is
approximately 15900 feet below sea level. The vertical distance between the
lower contact of the Pleasant Hill Formation projected from the surface and the
décollement projected from the east is approximately 4700 feet. A flat-lying
succession of Units 1 and 2 is 5900 feet thick, and Units 1 and 2 are too thick to
fit into the 4700-foot thickness between the projected Pleasant Hill Formation and
the projected décollement. The shale-dominated Waynesboro Formation has
ductile properties. The interpretation proposed here is that ductily deformed
Waynesboro Formation fills the 4700-foot space beneath the Pleasant Hill
Formation. The Waynesboro Formation is the décollement zone at approximately
150 feet down from the top contact. Ductile thinning and thickening along the
décollement can account for large variations in preserved thickness.
The Kerr McGee Martin well is shown on a published cross section
(Jacobeen and Kanes, 1975). Exact well data are not given, but a brief written
description is provided by Gwinn (1964). The well spudded in the Reedsville
Formation and drilled down through the stratigraphy into lower Ordovician
carbonate. The lower Ordovician carbonate includes the Bellefonte, Nittany, and
Stonehenge Formations, below which the well drilled into another section of the
Reedsville Formation. The middle Ordovician Reedsville Formation is overlain
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by the lower Ordovician Stonehenge Formation indicating a thrust fault. The well
reached total depth in the Reedsville Formation (Plate 2 B).
The projected depth to the lower contact of the Pleasant Hill Formation
beneath the Wills Mountain ramp anticline, calculated from stratigraphic
thickness from the surface in the Tuscarora Formation, is approximately 7800 feet
below sea level on the basis of a continuous stratigraphic succession, part of
which was drilled by the Kerr McGee Martin well. The structure of the Bald
Eagle Formation through Hamilton Group stratigraphy in the Wills Mountain
ramp anticline and Bedford syncline is controlled by the outcrop data. Projecting
the exposed Wills Mountain thrust fault to the upper-level detachment below the
Hartley duplex indicates a bedding-plane detachment of the Wills Mountain thrust
fault at the lower contact of Unit 3 in the Kerr McGee Martin well.
Beneath the Bedford syncline the top contact of Unit 2 is 5000 feet deep
(Plate 2 B). To the west of the Bedford syncline, the top contact of Unit 2 below
the Wills Mountain ramp anticline is 2000 feet below sea level. To the east of the
Bedford syncline, the top contact of Unit 2 below the Hartley ramp anticline is
10100 feet below sea level. The top contact of Unit 2 rises westward
approximately 8100 feet from below the Hartley ramp anticline on the east to the
Wills Mountain ramp anticline on the west. The more shallow depth to the west
indicates a ramp anticline from the décollement.
The lower Reedsville Formation in the Kerr McGee Martin well below
Unit 2 is below the ramp from the décollement that is associated with the Units 1
and 2 ramp anticline below the Bedford syncline and Wills Mountain ramp
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anticline. The ramp anticline of Units 1 and 2 below the Wills Mountain ramp
anticline and Bedford syncline indicates a space between the ramp and the
décollement. This space, also indicated by measurements under the Bedford
syncline, is inferred to be filled with ductily deformed Waynesboro Formation.
The Reedsville Formation is the local upper-level detachment zone. East
of the Wills Mountain thrust fault, the upper-level detachment is along the lower
contact of Unit 3 as indicated in the section penetrated in the ARCO well. The
ARCO well drilled from the Gatesburg Formation in the duplex beneath the
Hartley ramp anticline, directly into the Bellefonte Formation indicating a thrust
fault (Plate 2 B). The Bellefonte Formation is the top of Unit 2 and the lower part
of Unit 3 stratigraphically overlies the Bellefonte Formation. The detachment is
along the lower contact of Unit 3 to separate Units 1 and 2 in the deep thrust sheet
above the décollement below the Hartley ramp anticline from Units 1 and 2 in the
duplex. The lack of Unit 3 below the duplex, as indicated in the ARCO well,
shows that Units 3 through 6 were translated westward from the top of Unit 2
below the Hartley ramp anticline. Below the Wills Mountain ramp anticline, the
upper-level detachment is a bedding-plane fault without stratigraphic duplication
as indicated by the Kerr McGee Martin well. To have a bedding-plane detachment
in the Wills Mountain ramp anticline and a bedding-plane detachment at the floor
of the duplex below the Hartley ramp anticline, a hanging-wall frontal ramp from
the Waynesboro Formation at the roof of the duplex to the lower contact of Unit 3
is necessary. A lack of stratigraphic duplication in the Wills Mountain ramp
anticline, as indicated by the Kerr McGee Martin well, requires a substantial
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volume of Unit 3 to have been translated west of the Wills Mountain ramp
anticline. The original stratigraphic cover (Units 3 through 6) has been
tectonically stripped off of the thrust sheet that extends from below the duplex
westward to the Wills Mountain ramp anticline, and that stratigraphy must have
been displaced westward. This translated volume of the Reedsville Formation is
further indicated by the Kerr McGee Martin well drilling into the Reedsville
Formation below the ramp anticline of Units 1 and 2 from the décollement.
West of the Wills Mountain thrust fault, the upper-level detachment is
interpreted to be in the Reedsville Formation because the Reedsville Formation is
below the ramp associated with the ramp anticline of Units 1 and 2 as indicated
by the Kerr McGee Martin well. The change in the stratigraphic level of the
upper-level detachment is to accommodate ductile deformation in the Reedsville
through Loysburg Formations. An upper-level detachment in the Reedsville
Formation is at the stratigraphic level of the Raystown backthrust fault, and Faill
(1997) describes a regional upper-level detachment in the Reedsville Formation.
Repeated section of Reedsville through Loysburg
Below the Wills Mountain ramp anticline and Bedford syncline is the
ramp anticline off the décollement of Units 1 and 2 that is necessary to have Units
1 and 2 in the Kerr McGee Martin well at a shallow depth. The Waynesboro
Formation through Bellefonte Formation are part of the deep thrust sheet above
the décollement. Units 1 and 2 in the thrust sheet above the décollement below the
Bedford syncline restore in the palinspastic restoration west of Units 1 and 2 in
the duplex below the Hartley ramp anticline. West of the Wills Mountain ramp
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anticline is the Schellsburg syncline. Below the Schellsburg syncline Units 1 and
2 are in the thrust sheet above the décollement. Units 1 and 2 in the thrust sheet
above the décollement below the Schellsburg syncline restore in the palinspastic
restoration to directly west of Units 1 and 2 in the thrust sheet above the
décollement below the Bedford syncline.
Below the upper-level detachment west of the Wills Mountain ramp
anticline the lower section of the Reedsville Formation through the Loysburg
Formation directly overlies Units 1 and 2. The Reedsville through Loysburg
Formations below the Schellsburg syncline restores to directly overlie Units 1 and
2 in the thrust sheet above the décollement below the Schellsburg syncline. In
contrast, Units 1 and 2 in the thrust sheet above the décollement below the
Bedford syncline are directly overlain in the deformed section only by the
Reedsville through Loysburg Formations at the bedding-plane fault in the crest
and the eastern limb of the Wills Mountain ramp anticline (Plate 2 B), and the
original stratigraphic cover (Units 3 through 6) must have been translated
westward. The Reedsville through Loysburg Formations were transported west
and tectonically displaced and replaced by the surface-level thrust sheet in the
Wills Mountain ramp anticline. The deformed and restored sections allow a
repeated section of the Reedsville through Loysburg Formations to be inferred to
have been transported directly overtop the Reedsville through Loysburg
Formations overlying Units 1 and 2 in the thrust sheet above the décollement
below the Schellsburg syncline.
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Wills Mountain ramp anticline and Schellsburg syncline
The Peoples Mowry well (Jacobeen and Kanes, 1975 and Gwinn, 1970)
(Fig. 5.5) is located in a syncline to the south of cross section B – B’, and the
Appalachian Basin well (Gwinn, 1970) (Fig. 5.4) is located on the Schellsburg
dome to the north of cross section B – B’. A cross section in Gwinn (1970) shows
the Peoples Mowry well and the Appalachian Basin well. The Tuscarora
Formation is much deeper in the Peoples Mowry well than the Appalachian Basin
well, indicating, according to Gwinn (1970), a fault between the two wells. The
cross section in Gwinn (1970) extends across the Schellsburg syncline, which is
equivalent to the syncline in which the Peoples Mowry well is located, but the
well is shown as being located on the Schellsburg dome. Even though the Peoples
Mowry well is located on the cross section in Gwinn (1970) on the Schellsburg
dome, cross section B – B’ (Plate 2 B) locates the well in the Schellsburg syncline
because the well is located in a south-plunging syncline, not on an anticline. The
Peoples Mowry well is projected 10 miles along strike and down plunge to cross
section B – B’ (Plate 2 B).
The depth below the Schellsburg syncline to the upper-level detachment,
on the basis of the thickness of a continuous stratigraphic succession from the
Scherr Formation at the surface to 560 feet down into the Reedsville Formation
and the section drilled to the Tuscarora Formation in the Peoples Mowry well, is
approximately 6500 feet below sea level. Using the thickness calculated from the
west side of the Wills Mountain ramp anticline, the depth to the lower contact of
the repeated Reedsville through Loysburg Formations, which is the upper-level
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detachment, is approximately 7600 feet below sea level. The depth to the lower
contact of the Reedsville through Loysburg Formations below the repeated
section is approximately 8700 feet below sea level. The depth to the décollement,
on the basis of a continuous stratigraphic succession from the lower contact of the
Loysburg Formation below the upper-level detachment, to 150 feet into the
Waynesboro Formation is 14700 feet below sea level.
Below the western side of the Wills Mountain ramp anticline, where the
thrust fault and erosion surface intersect, the measured depth to 560 feet down
into the Reedsville Formation is approximately 5100 feet below sea level on the
basis of a continuous stratigraphic succession from the Hamilton Group at the
surface. The décollement level below the Wills Mountain thrust fault is calculated
from the upper contact of the Tuscarora Formation in the Peoples Mowry well
extended eastward on the basis of a continuous stratigraphic succession plus the
repeated Reedsville through Loysburg Formations down to 150 feet into the
Waynesboro Formation (Plate 2 B). The décollement is approximately 14700 feet
below sea level. The thickness of Units 1 and 2 and the Reedsville through
Loysburg Formations below the upper-level detachment west of the Wills
Mountain thrust fault is approximately 7000 feet thick. This 7000-foot thickness
projected upward from the décollement gives the calculated depth to the upperlevel detachment at 7700 feet below sea level. The difference between the
measured depth (5100 feet) to 560 feet into the Reedsville Formation and the
depth (7700 feet) calculated from the décollement is 2600 feet. Considering the
thickness of the Reedsville through Loysburg Formations is 1100 feet in the
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repeated section above the upper-level detachment, and the calculated depth of the
upper-level detachment at 7700 feet below sea level, the calculated depth of the
top of the repeated section of the Reedsville through Loysburg Formations is 6600
feet below sea level. The distance between the top of the repeated Reedsville
through Loysburg Formations and the measured depth to 560 feet into the
Reedsville Formation is 1500 feet. This space is interpreted to be filled with a
ductily deformed section of the Reedsville through Loysburg Formations forming
a triangle zone from the strata in the repeated section.
Appalachian Plateau and Schellsburg dome
The depth to the upper-level detachment below the eastern side of the crest
of the Schellsburg dome is approximately 3800 feet below sea level, on the basis
of a continuous stratigraphic succession from the Hamilton Group at the surface
down to the upper section of the Reedsville Formation. The depth to the lower
contact of the repeated Reedsville through Loysburg Formations is approximately
4900 feet below sea level. The depth to 150 feet below the top contact of the
Waynesboro Formation, on the basis of the thicknesses of the Reedsville through
Loysburg Formations and a continuous stratigraphic succession from the
Loysburg Formation to 150 feet below the top contact of the Waynesboro
Formation, is approximately 12000 feet below sea level. The depth to the
décollement on the basis of extending the décollement from the east, where the
Peoples Mowry well is located, is approximately 13700 feet below sea level. The
distance from 150 feet below the top contact of the Waynesboro Formation to the
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décollement is 1700 feet. The 1700-foot distance is accommodated by a ductily
deformed section of the Waynesboro Formation.
The Appalachian Basin well (Gwinn, 1970) is located on the Schellsburg
dome south of cross section B – B’ (Fig. 5.4). Exact well information is not given,
but a brief written description is provided. The well drilled through the Tuscarora
Formation, and bottomed in the Reedsville Formation. The location of the
Appalachian Basin well is projected 10 miles along strike and down plunge on
cross section B – B’ (Plate 2 B). The Appalachian Basin well shows the depth of
the Reedsville Formation in the Schellsburg dome, and indicates the geometry of
the anticline. The anticline must be high enough to accommodate the Reedsville
Formation at this elevation, and map patterns indicate steeper dip angles on the
western limb. The map patterns show formation contacts closer together on the
western limb than on the eastern limb of the Schellsburg dome.
West of the Schellsburg dome is the Appalachian Plateau. Thrust faults do
not ramp to the surface, and outcrops are in broad low-amplitude folds in strata of
Mississippian and Pennsylvanian age. From the base of the youngest preserved
formation, which is the Pennsylvanian Glenshaw Formation, the average
thickness of all the formations between the Glenshaw Formation and Devonian
Hamilton Group was used to draw the top of the Hamilton Group at the depth
equal to the thickness. Patchen et al. (1985) were used as a source for the
thickness of the Brailler, which is the formation overlying the Hamilton Group, up
through the Glenshaw Formation. The Hamilton Group and older stratigraphy
were drawn down to the Waynesboro Formation using thicknesses from Patchen
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et al. (1985) instead of field thicknesses from the Everett West quadrangle
because the formations are shown to thin westward. The total thickness of the
Hamilton Group and older stratigraphy thins westward from the Everett West
quadrangle. A continuous succession extends from 150 feet below the top contact
of the Waynesboro Formation up to the youngest formation of Pennsylvanian age
in the Appalachian Plateau. Using the thicknesses, the depth to 150 feet below the
top contact of the Waynesboro Formation at the western edge of cross section B –
B’ is approximately 14000 feet below sea level.
To maintain a continuous stratigraphic succession to 150 feet from the top
contact of the Waynesboro Formation from the upper-level detachment below the
Schellsburg dome, the Reedsville through 150 feet down from the top contact of
the Waynesboro Formations form a ramp anticline from the décollement. The
depth to the décollement is determined on the basis of a continuous stratigraphic
succession from the top contact of the Tuscarora Formation in the Peoples Mowry
well, plus the repeated section of the Reedsville though Loysburg Formations.
The repeated section of the Reedsville through Loysburg Formations
extends as far west as needed to restore directly above Units 1 and 2 from the
thrust sheet above the décollement below the Bedford syncline. In the deformed
section, the repeated Reedsville through Loysburg Formations ends westward on
the Schellsburg dome.
The depth to the lower contact of the Pleasant Hill Formation below the
western side of the crest of the Schellsburg dome is approximately 12000 feet
below sea level, on the basis of a thickness determined from a continuous
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stratigraphic succession from Unit 6 at the surface (Patchen et. al, 1985). The
depth to the décollement beneath the Schellsburg dome is 14000 feet below sea
level calculated from extending the décollement eastward from the Appalachian
Plateau on the basis of a continuous stratigraphic succession. The distance from
the lower contact of the Pleasant Hill Formation to the décollement is 2000 feet.
This distance is interpreted to be accommodated by a ductily deformed section of
the Waynesboro Formation in the core of the anticline. The Schellsburg dome has
a lower amplitude and a younger formation at the present day erosion surface than
the Wills Mountain ramp anticline and the Hartley ramp anticline. The
décollement on the eastern side of the Schellsburg dome is at a depth 750 feet less
than on the western side of the Schellsburg dome.
RELATIONSHIP OF REGIONAL STRUCTURES AND DEPTH OF
BASEMENT
In the lowest thrust sheet above the décollement, and on the trailing limbs
of the Friends Cove anticline and Hartley ramp anticline, Units 1 and 2 are
horizontal or dip gently to the southeast. Because of the southeast dip on the
southeast limb of the Hartley ramp anticline, the top contact of the Hamilton
Group in the Broad Top synclinorium is at a greater depth than in the Everett
West quadrangle. The décollement is at a slightly greater depth below the Broad
Top synclinorium than below the Hartley ramp anticline.
Dip angles vary in different structural settings along cross section B – B’.
In the Broad Top synclinorium the dip angles are low. The dips on the eastern
limbs of the Hartley ramp anticline, Bedford syncline, Wills Mountain ramp
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anticline, Schellsburg syncline, and Schellsburg dome are steeper than those in
the Broad Top synclinorium; and in local areas, dips are steep. These five
structures are part of the Valley and Ridge province. West of the Valley and
Ridge province, in the Appalachian Plateau, dip angles are shallow.
The depth to the décollement below the Hartley ramp anticline is
determined by extending the formation thicknesses from the Bellefonte Formation
in the ARCO well to 150 feet into the Waynesboro Formation on the basis of a
continuous stratigraphic succession (Plate 2 B). The depth to the décollement
below the Schellsburg syncline is determined by extending the formation
thicknesses from the Tuscarora Formation in the Peoples Mowry well to 150 feet
into the Waynesboro Formation on the basis of a continuous stratigraphic
succession plus the repeated section of the Reedsville though Loysburg
Formations. The depth to 150 feet below the top contact of the Waynesboro
Formation below the Appalachian Plateau is determined by extending the
formation thicknesses from the Mauch Chunk Formation at the surface to 150 feet
into the Waynesboro Formation on the basis of a continuous stratigraphic
succession (Plate 2 B).
Below the Hartley ramp anticline, Schellsburg syncline, and Appalachian
Plateau the stratigraphic level of the décollement is kept at a low dips toward the
southeast (Plate 2 B). The depth to the stratigraphic level of the décollement, 150
feet below the top contact of the Waynesboro Formation, varies between these
three locations. The depth to 150 feet below the top contact of the Waynesboro
Formation is 750 feet deeper below the Schellsburg syncline than below the
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Appalachian Plateau, and is 800 feet deeper below the Hartley ramp anticline than
below the Schellsburg syncline. The décollement is interpreted to parallel the top
of basement rocks, and differences in depth to the décollement indicate
differences in depth to basement. Most published cross sections (for example,
Shumaker, 1985, and Pennsylvania geologic map, 1980) show normal faults
displacing the top of basement rocks. Normal faults are inferred to be present
below the Schellsburg dome, where the Reedsville Formation through Unit 1 form
a ramp anticline from the décollement to maintain a continuous stratigraphic
succession, and below the Wills Mountain ramp anticline, where Units 1 and 2
form a ramp anticline from the décollement to allow Unit 2 to have been drilled in
the Kerr McGee Martin well at a shallow depth.
The space below each of these ramp anticlines and above the normal
faults, where the décollement ramps upwards at a steep angle, is interpreted to be
filled with ductily deformed Waynesboro Formation (Plate 2 B). The areas of
ductily deformed Waynesboro Formation are area balanced in the palinspastic
restoration.
In the Broad Top synclinorium, dip angles are more like those in the
Appalachian Plateau than to those in the Valley and Ridge structures. The
Appalachian Plateau and Broad Top synclinorium may contain localized areas of
ductily deformed Reedsville through Loysburg Formations instead of the larger
duplex structures, such as those under the Hartley ramp anticline.
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LATERAL RAMP
North of the Everett West quadrangle is a thrust fault and an associated
ramp anticline. The thrust fault is informally named the Beaver Creek thrust fault
(Fig. 5.4) for a nearby stream. The associated Beaver Creek ramp anticline is a
doubly plunging anticline. The Cambrian Warrior Formation is the oldest exposed
formation (Fig. 5.4). The Beaver Creek ramp anticline is structurally somewhat
higher than the Friends Cove anticline but is about the same as the Hartley ramp
anticline. The Beaver Creek ramp anticline is along strike from the Bedford
syncline. To explain the different structural levels of the Beaver Creek ramp
anticline and Bedford syncline a lateral ramp may separate the two (Fig. 5.5). The
lateral ramp cuts across stratigraphy and has different stratigraphic levels of
detachment on either side. Steep dips of the Ordovician and Silurian rocks shown
by relatively narrow outcrops of Ordovician-Devonian units on the map indicate
the location of the lateral ramp between the Beaver Creek ramp anticline and the
Friends Cove anticline (Fig. 5.4). The lateral ramp, by definition connects two
thrust flats. Because the Wills Mountain thrust fault is the thrust flat on the south,
this lateral ramp connects the Wills Mountain thrust fault and the Beaver Creek
thrust fault. A lateral ramp accounts for the difference in structural relief between
the Beaver Creek ramp anticline and the Bedford syncline.
TEAR-DROP-SHAPED MAP AREA
To the east of the Beaver Creek ramp anticline is a tear-drop-shaped map
area, enclosing Waynesboro through Nittany Formations surrounded by thrust
faults (Fig. 5.4). The formations in the tear-drop-shaped map area face toward the
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southeast. The southeastern side of the duplexes beneath the Hartley ramp
anticline and Friends Cove anticline (Plate 2 A and B) have an antiform structure.
The southeastern limb of the antiform in the duplex dips shallowly to the
southeast. Beds in the southeastern limb of the antiform in the duplexes and in the
tear-drop-shaped map area both dip to the southeast, and both consist of Units 1
and 2. Both structures are surrounded by thrust faults. The tear-drop-shaped map
area may be a window into a structure similar to what is in the duplex below the
Friends Cove anticline and Hartley ramp anticline. The tear-drop-shaped map area
may be part of a duplex in another thrust sheet beneath the Beaver Creek thrust
fault.
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Figure 5.1. General geologic map of the Shippensburg fault and the CarbaughMarsh Creek fault (Root and Hoskins, 1977).
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Figure 5.2. General geologic map of the Breezewood and Sideling Hill
faults (Root and Hoskins, 1977).
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Figure 5.3. General geologic map of Everett Gap fault area (Root, 1977). The
Everett West 7.5-minute quadrangle is marked with vertical lines.
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Figure 5.4: Regional scale map (Pennsylvania Geologic map, 1980) of region
around the Everett West quadrangle. Black rectangle shows the Everett West
quadrangle. Red lines show lines of cross sections for A – A’ and B – B’, and the
line for the cross section shown in figure 5.4. Blue and yellow lines are
approximate locations of cross sections in Gwinn (1970) and Jacobeen and Kanes
(1975). Colored dots show locations of wells described in Gwinn (1970) and
Jacobeen and Kanes (1975). Well 1 is the Appalachian Basin; Well 2 is the Kerr
McGee Martin; and Well 3 is the Peoples Mowry.
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Figure 5.5: Cross section of a lateral ramp from the Bedford syncline north to the
Beaver Creek anticline. Line of cross section is shown on figure 5.3.
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Chapter 6
Reconstructions
In a palinspastic reconstruction, restored sections are drawn at the same
time as the deformed sections are drawn. The reconstruction aids in how the
deformed section is drawn. Line-length balancing and area balancing are used.
Area balancing was used only for the Reedsville through Loysburg Formations
and the Waynesboro Formation where stated in the written description.
Otherwise, line-length balancing was used for Units 1 through 6.
The Hartley thrust sheet forms a ramp anticline, and the trailing part
extends eastward beyond the Everett West quadrangle (Plate 2 B). The Hartley
thrust fault is a splay off the décollement, and forms a hanging-wall flat in the
Pleasant Hill Formation. The leading hanging-wall frontal ramp of the Hartley
thrust fault is the leading limb of the Hartley ramp anticline. The Hartley thrust
fault is a flat in the Pleasant Hill Formation, but the leading frontal ramp cuts
through Units 1 through 6 to form the Hartley ramp anticline. In the restored
section, Units 1 through 6 in the Hartley thrust sheet are cut by the leading ramp
of the Hartley thrust fault, which locally forms the trailing cutoff of the Wills
Mountain thrust sheet.
The duplex under the Hartley thrust fault, filled with Units 1 and 2, is in
two parts. The eastern part of the duplex in the deformed section restores to the
west of the leading ramp of the Wills Mountain thrust sheet. The western part of
the duplex in the deformed section restores to the west of the eastern part of the
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duplex. The roof thrust of the duplex extends westward as the upper-level
detachment below the frontal part of the Wills Mountain thrust sheet.
Cross section A – A’ shows the Ashcom backthrust fault as a splay off the
floor of the duplex. The Ashcom fault splays off the floor of the duplex displacing
the western side of the Ashcom backthrust fault above the eastern side toward the
Broadtop synclinorium.
Units 1 and 2 are in the thrust sheet above the décollement below the
Schellsburg dome, Wills Mountain ramp anticline, and Hartley ramp anticline.
The units are either horizontal or dip gently to the southeast except the steep west
dip below the Wills Mountain ramp anticline. The top contact of the thrust sheet
above the décollement is an upper-level detachment. The detachment is necessary
to separate the units below from the folded and faulted units above. Below the
duplex below the Friends Cove anticline, the duplex below the Hartley ramp
anticline, the Bedford syncline, and the Hartley ramp anticline, the upper-level
detachment is at the base of Unit 3. West of the Wills Mountain ramp anticline,
the upper-level detachment is interpreted to be in the Reedsville Formation, as
suggested by the stratigraphic level of the Raystown backthrust fault.
Five frontal ramps off the décollement are shown on cross section B – B’
(Plate 2 B). The frontal ramp below the Hartley ramp anticline is the Hartley
thrust fault, and a splay is the upper-level detachment. Two frontal ramps form
the duplex below the Hartley ramp anticline. The frontal ramp below the Wills
Mountain ramp anticline forms a ramp anticline of Units 1 and 2 to raise these
formations to the shallow depth indicated in the Kerr McGee Martin well. The
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frontal ramp below the Schellsburg dome is the westernmost frontal ramp. This
frontal ramp is the westernmost extent of the décollement in Unit 1.
Cross section B – B’ (Plate 2 B) shows a small horse of the Pleasant Hill
and Warrior Formations beneath the leading edge of the Hartley thrust sheet. In
the restored section, the horse is located at the leading edge of the Hartley thrust
sheet. The Pleasant Hill and Warrior Formations are area balanced in the small
horse. The small horse is needed to reduce the length of the Gatesburg through
Bellefonte Formations in the Wills Mountain thrust sheet to achieve line-length
balance in the deformed and restored sections.
The Wills Mountain thrust fault is a ramp from the floor of the duplex
under the Hartley ramp anticline. The hanging-wall cutoff of the Wills Mountain
thrust fault is in three distinct parts: an eastern frontal ramp that cuts Units 1 and
2, a flat along the lower contact of Unit 3, and a western frontal ramp that
terminates Units 3 through 6.
Units 1 and 2 in the Wills Mountain thrust sheet restore to the trailing edge
of the duplex under the Hartley ramp anticline. Units 3 through 6 in the Wills
Mountain thrust sheet restore to the trailing edge of the thrust sheet that extends
westward above the upper-level detachment.
Most published cross sections (for example, Shumaker, 1985, and
Pennsylvania geologic map, 1980) show a frontal ramp off the regional
décollement somewhere beneath structures west of the Broad Top synclinorium.
The décollement may project within Unit 1 beneath and west of the westernmost
frontal ramp; but it has little displacement. The décollement shown on cross
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section D – D’ on the Pennsylvania geologic map (1980) extends westward to
where it terminates under the Laurel Hill anticline within the Appalachian
Plateau. Cross section 2 in Shumaker (1985), shows that the décollement
terminates westward under the Allegheny structural front. The western limit of the
décollement in cross section B – B’ (Plate 2 B) is where the décollement ramps up
to the Reedsville Formation below the Schellsburg dome.
Across the Hartley ramp anticline, Friends Cove anticline, and Wills
Mountain ramp anticline, the amount of shortening between Units 1 and 2 and
Units 3 through 6 is different. Along the westernmost extent of the restored cross
section B – B’, Units 1 and 2 extend farther to the west than Units 3 through 6.
The amount of shortening for Units 1 and 2 is larger than the amount of
shortening for Units 3 through 6. Shumaker (1985), cross section 2, and the
Pennsylvania geologic map (1985), cross section D – D’, do not balance. A large
amount of displacement in the cross sections for thrust faults in Units 1 and 2 is
not balanced by the much lesser displacement shown in the higher units. The
greater shortening below the upper-level detachment can be balanced by more
translation above the upper-level detachment into the Appalachian plateau, where
low-amplitude folds absorb the shortening equivalent to that below the upperlevel detachment.
Jacobeen and Kanes (1975) and Gwinn (1970) show more shortening in
Cambrian and Ordovician carbonates than in the overlying units. These authors
say the shortening of the overlying units is translated above the upper-level
detachment westward to the Appalachian Plateau structures. The upper-level
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detachment is in the Reedsville Formation, which splits the Reedsville Formation
into two sections, the section above the upper-level detachment, and the section
below the upper-level detachment. Below the upper-level detachment are Units 1,
2, and 3, and the part of the Reedsville Formation that is below the upper-level
detachment. The restored cross section B – B’ (Plate 2 B) will balance westward
in the Appalachian Plateau, where there is more shortening above the upper-level
detachment, and ductile deformation in Unit 3 and in the part of the Reedsville
Formation below the upper-level detachment.
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Chapter 7
Conclusions
The Breezewood, Everett Gap, and Bedford transverse faults are part of
the regional Transylvania fault zone that extends along the 40º latitude in
Pennsylvania. The three faults display dextral offset, and all terminate against
thrust faults. The Ashcom backthrust fault terminates with the Breezewood fault.
The Hartley thrust fault terminates with the Everett Gap fault. The Bedford fault
terminates with the Wills Mountain thrust fault. The transverse faults are
restricted to the hanging wall of the thrust faults.
The Friends Cove north-plunging anticline is cut off to the south by the
Everett Gap fault. South of the Everett Gap fault is the south-plunging Hartley
ramp anticline. The Everett Gap fault separates two anticlines to the north and
south with semi-independent deformation on either side of the fault. The
structural relationships of transverse fault to thrust faults and related folds show
that transverse fault movement is at the same time as folding and thrusting.
The amount of shortening in the Hartley ramp anticline is greater than that
in the Friends Cove anticline. The shortening is within part of a regional thrust
sheet. The Hartley ramp anticline and Friends Cove anticline are separated by the
Everett Gap fault. The difference in the amount of shortening between the Hartley
ramp anticline and Friends Cove anticline should be the amount of displacement
for the Everett Gap fault, but there is a problem in accurately locating the exact
corresponding structural position on either side of the Everett Gap fault.
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The palinspastic restoration of cross section B – B’ (Plate 2 B) is not
completely balanced. Units 1 and 2 have more shortening than Units 3 through 6.
Where the cross section extends westward, farther into the Appalachian Plateau,
the Hamilton Group through the upper part of the Reedsville Formation will
shorten by folding, and the lower part of the Reedsville Formation will shorten by
ductile deformation between the top of Unit 2 and the upper-level detachment in
the Reedsville Formation.
The primary conclusions of this thesis are that transverse faults are
directly related to thrust faults. Transverse faults are located within thrust sheets,
and the Everett Gap fault offsets strata above the upper-level detachment.
Future work needs to be done in mapping west of the Everett West
quadrangle. This will determine the map pattern between the Wills Mountain
thrust fault and the Bedford fault, as well as a balanced palinspastic restoration.
East of the Everett West quadrangle, mapping needs to be done around the other
faults in the Transylvania fault zone. Mapping the entire Transylvania fault zone
will give a broader regional description of the entire fault zone.
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